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These design concepts and requirements represent an important p a r t  of 
the  bckheed competitive pos i t ion  and a s  such should only be used f o r  
the  benef i t  and f u t u r e  implementation of t h e  NASA IMBLMS program. Any 
other use of this mate r ia l  must be mutually approved by NASA and W C .  





Loebeed PLssUes & Space C o m p n y  (LMSC) i s  s u w l t i q  -C,fis report  covering 
Task I t o  the National Aeronautics and Space A M d s t r a t i o n  (NAEU) i n  compliance 
with the requireme~ts  of NASA Contract NASld-1631 Amendment 2, dated Dec, 23, 2.968. 

This report  defines the design and performance requirements f o r  the  IMBLMS 
Functional Breadboard (FEE) Design, Along with descriptive def in i t ions  and asso- 
c iated block diagrams, these requirements a r e  intended t o  be the ltBreadboard 
Specificationst1. Measurement techniques and equipment which require crash devel- 
opment a r e  ident i f ied  t o  supplement and improve FBB techniques f o r  use i n  the 
plight IM-. I 
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!The National Aeronautics and Space Administration i s  conducting studies of an 
Integrated fsedical and Behavioral Laboratory bkasurement System (IMI~UG). The goal 
is t o  develop a highly f lexible ,  state-of-the-art ,  f l i  
a wide var ie ty  of biomedical experiments designed t o  extend the knowledge of man's 
c a p a b i l i w f  operating i n  space. 

and associated computer f a c i l i t y ,  tape recorder, ergometer, mass measuremnt systems, 
and lower body negative pressure chamber. 

This Task I report  def ines  the Design and Performance Requirements fo r  the 
- Functional Breadboard. These requirements and associated block diagrams a r e  intendeg 

t o  be the  "Breadboard Specifications". 

Section I1 Measurement Requirements iden t i f i e s  the recotmended F'BB and Flight 
IMBLMS measurements and measurement techniques and equipment requiring crash develop- 
ment. 

Section I11 Design and Performance Requirements - Descriptive Definition and 
Block Diagrams, presents the intended Breadboard Specifications. The format of these 
requirements i s  i n  general accord with the ApoUo Applications Program Experiment 
Overall Requirements. (MSC-KA-D-68-1) . This system engineering approach t o  documen- 
t a t i o n  benefited from LMSC previous B2 e f f o r t  with the development of measurement 
functional flow diagrams and preliminary Requirements Allocations Sheets. 

The FBB overal l  system document i s  supported with 10 subsystems requirements. 
Related descriptive def in i t ions  and block diagrams are  presented with eachslbsystem 
t o  explain and convey information a s  t o  how the FBB w i U .  be designed and w i l l  function 
t o  meet the  design and performance requirements. 

Certain subsystems include applicable appendices e.g., Ikasurements Requirements 
Data Sheets, Cl inical  Evaluation Checkoff.List, Behavioral Yeasurement Procedures, 
kasurement Display Requirements, t o  c l a r i f y  and summarize medical/engineering 
measurement and ec,uipmeet shsacteristics . 





SECTION I1 

IMBIMS/FUNCTIONAL BREADBOARD 

MEASUREMENT REQULREMENTS 



2.8 TS AND TECmIQm mQPJm%NC CRASH DEVELOPmT 

2.1 FBB heasurement s/~echniques 
I 

2.1.1 Systolic and Diastolic Blood Pressure 
2.1.2 Limb Plethysmography- 
2.1.3 Cardiac Output 
2.1.4 Total Ebdy Water 
2.1.5 Respiratory ~easurement/~quipment 
2.1.6 RBC and WBC Counts 
2.1.7 Colorimetry-Conductivity Test Cell for qrythrocfle 

Osmotic Fragility 
2.1.8 Preservation Equipment 

2.2 Flight IMBLMS Measurement Techniques 
2.2.1 Central Venous Pressure (~erived) 
2.2.2 Inflight Bone Densitometq 
2.2.3 Endoradiosondes 

. 2.2.4 Radial Immunodiffusion 
2.2.5 Electrophoresis 
2.2.6 Fluorometer 
2.2.7 Radioisotopic Measurements and Equipment 

2.2.7.1 In-flight Labeling of Erythrocytes 
2.2.7.2 In-flight Labeling of Albumin 
2.2.7.3 Liquid Scintillation Counter 

2.2.8 Urine Volume Measurement Device 
2.3 Preservation for Post Flight Analysis 
2.4 The Evaluation of Reliability and Validity of Behavioral 

Measurements 
2.5 Pata Management Techniques 

2.5.1 Color Telemicroscope 
2.5.2 4-Channel Cathode Ray Tube 



The mEMS measusemen-ts are req~red Lo assess the clinical sbtus o f  the 
astronaut in terms of h i s  genemi health? car~ovascdar and ~auscuboskeletal 
effects of weightlessness, and environmental effects from radiation, oxygen 
toxicity, microtial and chemical contamination, and crew interpersonal 
relationships. In addition, the IMBLMS measurements should provide research 
data to (1) determine unknown effects of spaceflight, ( 2) develop predictive 
indexes, (3) establish tolerance limits, (4) develop and optimize countermeasure 
equipment and ( 5 ) advance medical knowledge. 

Measurement priorities and spacecraft measurement program objectives will 
vary from flight to flight depending on previous flight data, trend analyses, 
and updated mission objectives. However, a comprehensive flight biomedical 
capability designed on a modular basis to permit ease of maintenance, replace- 
ment, substitution, and growth is required to meet the needs of manned space 
exploration in the 1970's. 

The previous phases of the lMBLMS program have identified measurements and 
measurement techniques considered for the Flight IMBLMS. A representative 
measurement capability has been defined for the B-3 Functional Breadboard 
phase to demonstrate state-of-the-art space qualifiable measurement techniques, 
application of a computer controlled data management system, centralization 
of related controls and displays, preliminary subject-operator equipment inter- 
faces, and measurement test data analyses. Feasible FBB measurements, U P  
measurements, and successfully developed advanced measurement techniques will 
be included in the Flight IMBLMS. 

1.1 IMBLMS Measurements 

Table I lists all the recommended FBB measurements as well as those 
established during the EL2 Phase of the program. The unmarked measurements 
wffl be included in the FBB, although several of those may require developmerrt, 
refinement, or validation. The measurements marked with a single asterisk 
(s) will be considered for addition in the Flight IMHLMS, while those marked 
with a double asterisk (**) are presently considered only for pre and post 
flight analysis. The only NASA recommended FBB measurement which is not 
recommended for either the FBB or the Flight IMBLMS is inflight viral culturing. 
LMSC feels that presently used techniques are far too complex, requiring a high 
degree of subject training, to be performed on board. It is, therefore, 
recommended that the Flight IMBLMS shall conta provisions to preserve 
appropriate samples for post-flight analysis. 

It is recornended for the FBB and Flight IMEILMS that determinations normally 
made on serum be made on plasm. Difficulty has been experienced in the 
sepmlion of se from whole blood under simulated weightlessness (varied 
gravibtional f i s) because of failure of the clot to remain completely 
cdased, Whether this aifficuPty will persist in true weightlessness is un- 
known. Blood collected with sodim heparin as the anticoaguPant can be used 

.. 
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Clinical  evalvation 
- Electronystaginogram (2-channels ) 
- Electroencephalogram ( 2-channels ) - Electromyogram (1-channel) 

% Level of consciousness assessment 
x q c u l a r  counterrolling 
k q c u l o g y r a l  i l lus ion  
F * V i s u a l  t a sk  with head rotat ion 
%*~ngular acceleration threshold I 

x*Agravic perception of personal and extrapersonal space 

11. Cardiovascular 

* Clinical  evaluation 
Clinical  electrocardiogram (12-leads) 
Reference electrocardiogram (s terna l  o r  ax i l la ry)  
Heart r a t e  

- Vectorcardiogram ve rank's lead system) 
Impedance cardiogram ( ~ u b i c e k  method) 
~hono-/vibrocardiogram 
Ar te r i a l  blood pressure 
Peripheral venous pressure 
Arterial pulse contour 
Venous occlusion plethysnrography 

y Pulse wave velocity 
%Response t o  in f l igh t  exercise 
%Response t o  IBNP exposure 

x*Ballistocardiogram I i' 
%K!entral Venous Pressure (Derived) L . 

- - 

111. Respiratory 

k Clinical  evaluation 
Respiratory r a t e  
Lung volumes 
Ventilation 

Wreathing mechanics 
Gas distr ibut ion,  consumption, and production with breath-by-breath sens i t iv i ty  
Diffusion capacity 

*Alveolar-arterial gradient 



Metabolism and Nutrition 

* 
4 C l i n i e d  Evduatiion 

Energy metabolism (cat - 11) 
E a r  cana l  t eapera twe 
Average s k i n  temperawe 
Muscle s i ze  and strength 
Body mass 
Specimen mass 
Total body water 
Caloric intake (pref l ight  assays ) 
Balance s tudies  

*Inflight bone densitometry 
-nCastric pH 
W a s t r i c  pressure 

. Endocrinology (see Category M) 
', 

Clin ica l  Evaluation I 
/ VI. Hematology (see Category M )  
I 
i Clin ica l  Evaluation 

.\ Capillary f r a g i l i t y  (~umple Leede ) 
I - 

VII. Microbiology and ImmUnology 
1 f- 

Clin ica l  Evaluation 
Bow microf l o r a  

b a c t e r i a l  
f'ungal 

W i r a l  
Environmental microflora 

b a c t e r i a l  
fungal 

*viral - - 

VIIF. Behavioral Effects  

Cl in ica l  Evaluation 
Sensory t e s t  ba t te ry  

v isua l  
auditory 

Psychomotor - 
Fine Motor 
Cross Positioning 
Cross body movement 
Continuous Control 

Complex Behavior 
Perceptual Cognitive 
Monitoring - 
Complex Mental Processes 
Work 

Individual and Interpersonal Behavior 



Urinwy Ca, P, Na, K, and 61 
Urinary color, specif ic  gravity,  pE, glucose, protein, b i l e ,  blood, md 
microscopic 

Plasma, volhuoe 
Plasma electrolytes  ( ~ a ,  Na, K, C1,  and P)  
Total protein - plasma 
Blood glucose 
C a  and PO4 - plasma 
pH, p02, and gC02 - blood 
Hemoglob i n  
Hematocrit 
Blood c e l l  morphology (RBC, W3C, and d i f ferent ia l ;  p l a t e l e t s  ) 
Reticulocyte count 
RBC f r a g i l i t y  
RBC mass and survival 
Bleeding and coagulation times 
BUN 
Ketones 
Bil i rubin 

*Methernoglob i n  
*Carboxyhemoglob i n  
*Clot re t rac t ion  
*Uric acid 
*m 
*CPK 

*Alkaline phosphatose 
*Bilirubin (colorimetric ) 
*BUN (colorimetric) 
*Creat inine 
*Cholesterol 
*Lipids - .  *Manes ium 

- - 
*Immunoglobulins 
*Protein electrophoresis 
*LDH isoenzymes 
*Prothromb in  time 
*Bicarbonate 
-nT-3 
*Fibrinogen 
q r a n s f e r r i n s  

HSulf  a t e  
HAldosterone 
Wucoproteins 
*Hydromrolines 
*Pryophos phat e s 
q o t a l  amino acids 
W r e a t i n e  



HMetmephrines 
W a t e c h o l m i n e s  
**Elstarnine 
*Serotonin ( 5- OHEU) 
W S H  
W r o y b h  hormone 
*Parathormone 
*Insulin assay 
*Calcitonin 
Wlucagon  assay 
*Free thyroxin (T-4) 
-PA 

' *Lymphocyte karyoty-ping 
*Platelet adhesiveness 
"Fibrinolytic a c t i v i t y  
  phospholipids 
Womplement t i t r a t i o n  
*Antibody t i t r a t i o n  
WProthromb i n  consumption 
HLeucocyte mobili ty - 

X. Environmental Measurements 

Temperature 
Pressure 
Humidity 
Atmospheric composition (02, C02, N2) 

"("Spacecraft motion 
Y o x i c  contaminants 

\%I 



btsrebngeably with se for essen"ially a%P classes of" dete 

n, carefdly sepasaLed plasm reveals c~nsistenLLy less hemolysis 
The or i l y  potential intel-ferences &ghL be in the p e s f a m n c e  of 

deelrophorssis in the might MS, where fibrinogen contributes an extm 
peak tothe electrophoretic pattern.  1% i s  no% f e l t ,  howeverj that t h i s  
w m  prove t o  be a s ignif icant  problem. 

1 

2.0 M E A S W T S  AND TECHNIQUES REQUIRING CRASH DEVELOPFENT 

2.1 FBB ~easurement s/Techniques 

Several measurements, although included i n  the FBB, w i l l  require fu r the r  
development outside the B3 Phase t o  improve t h e i r  technique, t o  enhance t h e i r  
accuracy, o r  t o  simplify t h e i r  operational procedures. 

2.1.1 Systolic and Diastolic Blood Pressure. - Nearly a l l  indi rec t  
methods t o  measure a r t e r i a l  blood pressure employ the Riva-Rocci pr inciple  
and are, therefore, inherently limited i n  accuracy. However, the a b i l i t y  t o  
measure r e l a t ive  pressure changes r e l i ab ly  i n  l i e u  of absolute accuracy 
provides a useful measurement. The suscept ibi l i ty  of automatic blood pressure 
measurements t o  movement and ambient noise a r t i f a c t s  can be improved with 
fur ther  development. The use of multiple motion a r t i f a c t  cancellation c i r c u i t s  
and/or the ultrasonic technique developed by Southwest Research Ins t i tu t e  
( AMRL- TR-67-201, Vol. 1) warrant fur ther  evaluation. 

Various methods of indi rec t  nonocclusive measurement of blood pressure 
have been proposed, but severe problems facing the  transducer development have, 
u n t i l  recently, l imited the  use of these techniques t o  r ig id ly  controlled 
laboratory applications. One technique ( ~ u l s e  sensing) employs a d i rec t  force- 
balance probe which, when placed against the temporal ar tery,  responds t o  the  
a r t e r i a l  pressure wave. Although s t i l l  developmental, t h i s  method holds promise 
f o r  possible space application a s  a continuous nonocclusive measurement of 
temporal a r t e r i a l  blood pressure. Accurate positioning of the sensor, and 
maintaining t h i s  or ientat ion under exercise conditions may prove t o  be very 
d i f f i cu l t .  

2.1.2 Limb Plethysmoaraphy. - An extensive review of limb plethysmography 
techniques f o r  regional blood flow has shown tha t  the Whitney mercury strain-gage 
method is still the  most r e l i ab le  and accurate technique. Replacement of tire 
mercury with another e lec t ro ly te  w i l l  have t o  be fu r the r  investigated. LMSC 
w i l l  u t i l i z e  the mercury s t r a i n  gage bridge and amplifier developed by Brakkee 
and Vendrik * f o r  the FBB because of its accurate e l e c t r i c a l  cal ibrat ion and 
wide range of adjustment features.  



LMSC has done some development work on an d t r a s o d c  Lechnjque, This 
"t  perfoms v e v  well from an electronjc  point of view, but considerable 

d i f f i c u l t i e s  my occur i n  developing a suj_bble method 06 coupling 
transducer cs;ystals t o  the Ihb, while srimub-taneously maintaining 

nsion of the t iseues.  The eapaaitanee plethysmogrnph of Fewin 
has the  advantag3 t h a t  the rest ing volume of the limb segment being measure? 
can be calculated. I n i t i a l  ca l ibra t ion  i s  a ra ther  complex procedure. To 
maximize measurement accuracy, individually molded capacitance cages would be 
required f o r  both lower l e g s  of each subject. Being ra ther  de l ica te  mechanically, 
storage of these cages 6 r  sleeves would take up considerable volume. 

To perform venous occlusion plethysmography, in f l a t ion  of the  cuf fs  w i l l  
be done manually i n  the FBB. For the  Flight IMBLMS, an  automatic method is 
recommended. 

2.1.3 Cardiac Output. - Two methods w i l l  be used on the FBB: the Kubicek 
technique of impedance cardiography, and the C02 rebreathing technique of Fick. 
Both methods have t h e i r  shortcomings and require considerable fu r the r  develop- 
ment and experimentation before e i the r  can be regarded su i tab le  f o r  spaceflight 
use. The impedance technique i s  very sensi t ive t o  motion a r t i f a c t s  and acciden- 
tal grounding of the subject; the C02 method requires maintaining a very s t ab le  
steady-state condition of metabolic a c t i v i t y  throughout the measurement cycle t o  
obtain a re l i ab le  value. The invasive dye d i lu t ion  technique such a s  cuvette 
densitometry, although considered t o  be the most accurate, is not recommended f o r  
in-f l ight  use. 

Determining cardiac output by the use of external counting of a radioactive 
indicator  ** ra ther  than a dye o r  the  Fick pr inciple  is another technique which 
requires  fu r the r  study. The planned use of radioiodinated human serum albumin 
(~1SA-125) t o  determine plasma volume affords the opportunity t o  determine cardiac 
output by simply placing a su i tab le  radiat ion detector over the  heart  when the 
RISA in jec t ion  i s  given. The count r a t e  versus time data recorded as the RISA 
bolus passeq a r e  analyzed i n  a manner s imilar  t o  the concentration-time data 
obtained using the dye inject ion-ar ter ia l  sampling techniques. The amount of 
t r a c e r  t o  be injected f o r  cardiac output determination i s  10-20 microcuries of 
Iodine-125. A t h i n  c rys t a l  s c i n t i l l a t i o n  detector and recorder a r e  required. 
A state-of-the-art detector has dimensions of loff x 1" and weighs 175 grams. 

* J. Appl. Physiology 21 (1) 334-340, 1966: 

Gorten, Ralph J. M. D., The Use of Iodine f o r  Precordial Counting, 
J o d  of EJuclear Medicine 6:lS-174, 1565, Durham, North Carolina 



2.1.4 Total Body Water. - If the  accusacy of the  recommended, breath ethanol 
dotal hou w a t e r  technique is inadequate, consideration shoiilii be given "c the 
t r i t i a t e d  water method. Use sf GritiaGed water would require the development of 
a special  s c i n t i l l a t i o n  counter. Problems i n  separation of the contaminated w i n e  
if  &inking water is  reclaimed from urine must be investigated. An a l te rna te  
procedure of using radioiodinated lodoanbipy;rine r e w i r e s  s e r i a l  deteminations.  

1 

2.1.5.1 Exercise Oxygen Consumption - Carbon Dioxide Production. - The 
accuracy 'and c l i n i c a l  acceptance of the  open c i r cu i t  system employing integrating 
flowmeters and rapid response gas analyzers is  rapidly being improved and established. 
The accuracy of averaging multiple rapid measurements of volume and gas concentration 
on a breath-by-breath basis ,  while inherently l e s s  accurate than close spironietric 
techniques, has been aggravated by the slow response time and drift of previously 
evailable gas analyzers and errors  i n  the flow integrators.  The use of improved 
gas analyzers f o r  the FBB and the  development of a su i tab le  mass spectrometer f o r  
the  F l ight  IMBIMS should provide acceptable accuracy f o r  these metabolic.measurements. 

2.1.5.2 Flight-Qualified Mass Spectrometer. - Development of a f l igh t -qual i f ied  
mass spectrometer would substant ial ly  reduce the weight and bulk of gas analysis 
equipment t o  be used i n  conjunction with the respiratory measurements and i s  mandatory 
f o r  the  measurement of t race contaminants. The instrument would require near- 
simultaneous measurement capabi l i ty  f o r  the six respiratory parameters (02, C02, N2, 

- He, CO, and H ~ o ) ,  and a rapid scanning feature f o r  t race  contaminant measurements, , 

2.1.5.3 Turbine Flowmeters. - The use of turbine flow meters o f fe r  excellent 
l i n e a r i t y  over a wide range of flow veloc i t ies  f o r  r e l a t ive ly  slowly changing flow ' @ ra tes .  Presently available unidirectional turbine flow meters have technical 
problems i n  eliminating the  i n e r t i a 3  "coasting" of the ro tor  a f t e r  t h e  flow has 
stopped. Even at  r e l a t ive ly  low flow ra t e s  t h i s  coasting continues f o r  approximately 
10 seconds. 

An electromechanical anti-coasting device, actual ly  a switch placed upstream 
of the  rotor ,  has been developed. This highly sensi t ive switch disconnects the 
ro to r  s ignal  from the  processing electronics  when no flow i s  present. However, it 
does not eliminate ro tor  coasting. Similar technical problems w i l l  have t o  be 
solved before a bi-direct ional  turbine flow meter current ly under development 
can be recommended f o r  the  Fl ight  IMBIMS. 

2.1.6 RBC and WBC Counts. - 
Although it would be qui te  possible t o  continue t o  perform erythrocyte aid 

leucocyte counts microscopically, it would be preferable t o  develop a small 
impedance counter, capable of operation i n  a zero gravi ty environment. The 
manual performance of these t e s t s ,  while providing valuable information, is very 
tedious, time consuming, and r e l a t ive ly  inaccurnJ;e. An impedance counting tech- 
nique would overcome these objections t o  the measurement and could be operated 
i n  e i the r  an automated system o r  as an independent unit .  



The determination of erythrocyte osmotic fr lagi l i ty  i s  usually performed by 
placing a constant volume of c e l l s  i n  a ser ies  of hypotonic sa l ine  solutions and 
v i s u d l y  o r  spectrophotometrically estimating the leve l  of hemolysis occuring a t  
each of the  sa l ine  concentrations. An accurate estimation of the f r a g i l i t y  requires 
the  use of several s a l t  concentrations; the smaller the decrements, the more accurate 
the def in i t ion  of -,he hemolysis curve. The numhr of solutions and manipula%ons 
involved make the technique rather  undesirable f o r  f l i g h t  use. A t  l e a s t  one device 
t h a t  performs t h i s  measurement by correlating the degree of hemolysis with salt 
concentration, during the continuous diffusion of the  s a l t  across a semipermeable 
membrane, i s  commercially available. A similar instrument developed f o r  f l i g h t  
applications could save subs tant ia l  amounts of time f o r  the astronaut-investigator. 
It would a lso  require l e s s  storage space than would prepackaged reagents f o r  each 
sa l ine  concentration, and would reduce the amount of specimen required. 

2.1.8 - Preservation Equipment. - 
2.1.8.1 Cryogenic ~ r e e z f f .  - The preservation and storage of blood, urine 

and f e c a l  samples requires development of a f l i g h t  oriented cryogenic freezer.  
Major problems are  concerned with maintaining -100oC with a minimum expenditure 
of temperature control over a long period. Cryogenics o f fe r  a semi-passive system 
requiring a minimum expenditure of power. Pressure r e l i e f  valves would have t o  
be provided f o r  handling so l id  t o  gas phase change. 

2.1.8.2 Refrigeration. - Refrigeration and incubation a re  required fo r  in- 
f l i g h t  medical experiments during prolonged missions. The major disadvantage of 
conventional techniques i s  the  continuous power expenditure. Development of a 
combined.refrigerator-incubator employing the thermoelectric e f fec t  of fers  a 
solut ion t o  t h i s  problem f o r  the  required temperature range ( 3 4 O ~  t o  100%'). 

2.2 Fl ight  IMBIMS Measurement Techniques 

The successful performance of all the  measurements ident i f ied  i n  Table 1 
f o r  the  f l i g h t  IMBIMS w i l l  require the crash development of cer ta in  measurement 
and da ta  handling equipent/techniques . 

- 

2.2.1 Central Venous Pressure ( ~ e r i v e d )  . - -- --- -- 

Measurement of the time in terva l  between the P-wave of the  electrocardiogram 
and the A-wave of t h e  jugular pressure pulse appears t o  have some merit t o  indi rec t ly  
determine cent ra l  venous pressure. Several problems have t o  be solved before t h i s  
technique can be used as a p rac t i ca l  monitoring method. These include the c o l ~ t r o l  
of t h e  timing i n  the respiratory cycle which causes large variations i n  the measure- 
ment from beat  t o  beat,  automatic measuring of t h e  time occurrence of the  low 
amplitude P-wave of the  ECG, and automatic measuring of the time occurence of the  
A-wave i n  the  V, A, and C wavetrain of each pressure pulse. 



2.2.2 1nSligkr"c Bane Densitonetry* - 
Development of a f l i g h t  qual i f iable  method t o  perform in f l igh t  bone densitometry 

can be expected t o  require a consides8ble e f fo r t ,  par t iculasly so i f  no X-ray equip- 
ment is  available.  The d i f f i c u l t i e s  i n  providing accurate cal ibrat ion of a radio- 
act ive r - r a y  source appears t o  be grossly under-estimated. Even in  the ground 
based laboratory standardization of the  X-ray source t o  provide an exact expjsure 
of 167 + 2 milliroentgen, i n  order t o  be able t o  compensate f o r  minute differences 
i n  f i~m~ch tz rac te r i s t i c s ,  developer reagents, and development time, is  an extremely 
exacting.and time consuming procedure. The densitometric analysis of these X - r a y s  
requires very elaborate electronic  e q u i p e n t  t o  obtain quantitative values, almost 
necessitating post f l i g h t  analysis. Fogging of the films during long duration 
f l i g h t s  may becoine a severe problem unless heavy shielding is  provided during 
storage. 

2.2.3 Endoradiosondes. - I 

The use of endoradiosondes t o  measure i n t e s t i n a l  motil i ty,  pressure, and pH + 

has encountered several  technical problems. Once the  sonde has passed through 
the stomach, there is no accurate way of determining i ts  location without the 
use of e i the r  fluroscopic examination o r  complex triorthogonal. antenna arrays. 
An abdominal b e l t  antenna does not permit local izat ion of the sonde. Further 
development e f f o r t  i s  required before the use of endoradiosondes can be included 
in the  F l ight  IMBLP.IS. 

2.2.4 Radial Immunodif f'us ion. - 
Radial immunodiffusion of fers  the opportunity t o  analyze many spec i f ic  proteins 

at the  present time, and the promise of many more i n  the near future.  Relatively 
l i t t l e  d i f f i c u l t y  is anticipated with the  adaptation of currently available r a d i a l  
immunodiffusion technology t o  operation i n  zero gravity. It may be necessasy t o  
incorporate sui table  wicks in to  the serum reservoirs  i f  c a p i l l a r i t y  proves inadequate 
f o r  specimen containment. 

2.2.5 Electrophoresis. - 
The development-of an electrophoresis system tha t  w i l l  function i n  an environ- 

ment of zero gravi ty presents some unusual d i f f i c u l t i e s .  It should, nevertheless, 
be feas ib le  t o  develop systems t h a t  w i l l  permit good resolution of serum proteins 
and IlDH isoenzymes. The major problem t o  be overcome would appew t o  be the con- 
tainment of the buffer  solutions while providing e l e c t r i c a l  continuity i n  the 
support matrix. It. is  not considered necessary t o  develop immunoelectrophoreiic 
technology, since immunologic analyses can be more readi ly performed by r a d i a l  
immuno-diffusion. 

A device s imilar  t o  t h a t  developed f o r  the  staining of d i f f e r e n t i a l  and 
ret iculocyte  smears can be u t i l i zed  for  clearing and staining the  protein electro-  
phoretograms and the local izat ion of LDH isoenzymes. 

t i f i c a t i o n  of separated components could be performed a f t e r  transmission 
of a te lev is ion  image, or ,  i f  accuracy would-be s igni f icant ly  impaired by t h i s  
Lecbulique, a s m a l l  reflectometer could be developed fo r  the gur-pxe. 



Certain of the enzyme systems included in Table I, require the  presence o f  
nicstinamide-adenine dinucleotide ( ~ m  1. Lactic dehybogenase, fo r  example, 
cataiprzes the reversible  oxidation of bydroxy aeids t o  % < -  keto aeids and 
$, 7 - diketo acids i n  t h e  presence s f  N m *  The enzme wihi c s t d y z e  the 
oxidation of l ac t a t e  t o  ppuvate ,  while simulataneously reducing the Nm. 

rnH 4- 

Lactate +NAD . Pyruvate + N A D H = H  

The r a t e  of conversion of l a c t a t e  t o  pyruvate, or  NAD t o  NADH i s  proportional 
t o  the  concentration of LDH, and the amount of NADH formed during a given period 
of time can be used as  an index of LDH ac t iv i ty .  The amount of NADH formed may 
be estimated by measuring the in tens i ty  of native fluorescence a f t e r  exci ta t ion 
@y u l t r av io le t  l i gh t .  Systems u t i l i z i n g  t h i s  method are  re la t ive ly  simple t o  
$uantify because the absorbance maximum of NADH is a t  340 nm while NAD, at tha t  
wavelength, has no absorbance and v i r t u a l l y  no fluorescence. 

This system can be used t o  estimate the a c t i v i t y  of other enzyme systems as 
well. Methods have been published f o r  oxalacetic transaminase, glutamic pyruvic 
transaminase, creat ine phosphokinase and other parameters tha t  can be estimated 
using cer ta in  enzymes, e.g. hexokinase f o r  glucose. 

Fluorescence has a l so  been u t i l i zed  t o  estimate other parameters of in t e re s t ,  
e.g. cor t i so l ,  calcium, magnesium, etc .  The development of t h i s  instrument would 
s igni f icant ly  enhance the measurement system capabili ty.  

0 2.2.7 Radioisotopic Measurements and Equipment. - 
2.2.7.1 In- f l ight  Labeling of Erythrocytes. - The determination of red c e l l  

mass and red c e l l  survival is  probably bes t  carr ied out using 5lcr as t h e  chromate. 
The ha l f - l i f e  of 51~r is only 28 days. This poses a serious problem of bringing 
on-board a su f f i c i en t  quantity t o  l a s t  one year. The energy at  around 300 ki lovol ts  
is high enough t o  require considerably greater  shielding. A more serious problem 
is t h a t  it is  important t h a t  excessive quant i t ies  of chromium be avoided during 
the labeling pr ess.  - That is, the spec i f ic  a c t i v i t y  of 5 l ~ r  has t o  be adequate. 
The longer t h e  P'Cr preparation decays, the lower the 'specific a c t i v i t y  becomes, 
and one has t o  be concerned about the poss ib i l i t y  t h a t  red c e l l s  might be damaged 
during the course of labeling. 

For these reasons, it appears necessary t o  provide an in-f l ight  capabi l i ty  
f o r  c e l l  labeling. The 5 k r  can be carr ied i n  concentrated form and the c i t r a t e  
buffer can be  prepackaged. This w i l l  require the development of methodology t h a t  

. w i l l  permit the maintenance of specimen s t e r i l i t y .  Also, since the labeled 
mater ial  w i l l  be reinjected, there is an absolute requirement f o r  the  complete 
exclusion of gas from the  specimen since any gas, i f  injected, could lead t o  the  
formation of dangerous emboli+ 



2.2.7.2 In- f l ight  Labeling of Albumin. -- P l a s m  volume deteminat ions w e  
prob&ly best done by using 125 1 01" '3- I- A l b  n. However, since the iodinat ion 
of protein probably l i m i t s  the bialogic in t eg r i ty  of the labeled mater ial  t o  a 
period of about three weeks, it is  clear  t h a t  taking labeled material  on board 
a t  the onset of the f l i g h t  cou-ld not s a t i s f y  the requirement t o  perform repeated 
deteminat  ions of plasma volume. 

Since the h a l f - l i f e  of 125 I is  about 60 days, and the isotope f o r  labeling 
is available i n  large doses but requiring minute volumes fo r  iodination, it is  
e n t i r e l y  feas ib le  t o  take on-board a suf f ic ien t  quantity fo r  iodinating protein 
f o r  at  l e a s t  s i x  months and probably a year. 

In-f l ight  labeling of the protein presents the  same problems as  red c e l l  
labeling, i .e . ,  s t e r i l i t y  and gas exclusion, with the a d d i t i o n d  requirement f o r  
column purif icat ion of the  material  pr ior  t o  injection. 

The ava i l ab i l i t y  of a protein iodination system offers  the  addi t ional  advantage 
t h a t  one could perform a number of radioimmunoassays on-board, since iodination i s  
the  basic  f i r s t  s tep  i n  radioimmunoassay procedures. By t h i s  method it would be 
possible t o  assay the following materials i n  plasma: TSH, glucagon, growth hormone, 
parathyroid hormone, and insulin.  It is l i k e l y  t h a t  i n  the near fu ture  immunoassays 
w i l l  be available a l so  f o r  ACTH, thyrocalcitonin, and angiotensin. The bas ic  s teps 
i n  a l l  of these radioimmunoassays are  essent ia l ly  s i m i l a r  and may be performed by 
a sk i l l ed  technician. 

The e s sen t i a l  features  of the  radioimmunoassay are  as  follows: one must 
f i r s t  procure the pure hormone f o r  labeling, spec i f ic  potent antibody t o  t h i s  
hormone prepared i n  rabbi t s  o r  some other animal., and antigammaglobulin spec i f ic  
f o r  the animal which has been used t o  make the  antihormone. Its grea tes t  advantage 
is its sens i t iv i ty ,  since it can measure quant i t ies  of hormones i n  plasma which 
a re  undetectable by other methods. The fundamental principle involved is t h a t  
the  labeled hormone reac ts  with i ts antibody and forms an insoluble complex. If 
a fixed amount of antibody is  present, then the addition of nonlabeled hormone 
w i l l  compete f o r  the binding s i t e s  on the antibody and, therefore, the amount of 
labeled material  which i s  precipi ta ted w i l l  diminish i n  proportion t o  the  cold material  
present. Essent ia l ly  it i s  a competition type assay which involves labeling, incu- 
bation at cold storage, centrifugation, removal of a supernatant, and radioactive 
counting, followed by ra ther  simple calculations. 

2.2.7.3 Liquid Sc in t i l l a t ion  C.ounter. - The miniaturization and f l i g h t  
qual i f icat ion of t h i s  type of equipment would permit the use of t r i t i a t e d  water 
f o r  t o t a l  body water determinations as discussed under FBB measurements. I n  
addition, s tudies  with 14c-labeled compounds could be made. 14c has a long hplf - 
l i f e  (many years) and so might be thought t o  be a dangerous t racer .  However, i n  
many 'nstances the com ound study is  rapidly metabolized by the body and 
the  "C is emitted as f4C02 i n  the  breath. Such breath analysis, when combined 
with urinary and blood measurements, enables one t o  conduct metabolic s tudies  of 
such substances as glucose, lac ta te ,  proprionic acid, e tc .  



2.2-8 Urine Volume Measurement Device. - 
Ikn adequate m i n e  volwne measurement device is  required for "ce Flight  mWi%. 

The device must be integrated into the Spacecraft 's  waste man%ement system, d l s x  
f o r  individual col lect ion and t r azs fe r  of all or  a small representative sample sf 
a m i n e  specimen which can be identiCied and time coded. The device must be  
hygienic and permit intermit tent  s t e r i l i z a t i o n  procedures t o  prevent microbial 
contamination. 

2.3 Preservation f o r  Post Fl ight  Analysis 

Table 2 presents a l i s t  of parameters proposed fo r  post f l i g h t  analyses, 
together with estimates of storage s t a b i l i t y .  Since few of the parameters have 
been subject of a def in i t ive  study, the storage intervals  a re  estimates ra ther  
than known quant i t ies .  S t a b i l i t y  studies should be conducted over the required 
intervals  t o  quantify the e f f ec t  of freezing ( - 7 5 - 1 0 0 ~ ~ )  and preservatives. 

Certain measurements where preservation is  doubtful a re  those dependent on 
the  in t eg r i ty  of the c e l l  w a l l ,  e.g. leucocyte mobility, p l a t e l e t  adhesiveness, 
and viscosity.  Others a r e  questionable, e.g. cer tain spec i f ic  c lo t t ing  factors ,  
blood serotonin, RBC enzymes, karyoty-ping and nucoproteins. 

I , , 

Mineral and nitrogen balance studies normally require analysis f o r  these 
elements i n  all the  waste products of man. The bulk storage requirements f o r  
freeze preservation of a l l  the urine and feces produced during an extended 
period (weeks) places an inordinate design constraint on the on-board preserva- 
t i o n  system and the spacecraft recoverable payload capabili ty.  

Development work is recommended t o  determine i f  the e f fec ts  of vacuum drying 
those waste products on the parameters of in t e re s t  is consistent and quantifiable.  
I f  small representative waste samples would be preserved by freezing and the  remainder 
vacuum dried and a corrective fac tor  applied f o r  the elements l o s t  during the  
vacuum drying, balance s tudies  could be performed i n  extended f l i g h t s  with minimum 
engineering penalties.  

2-4 The Evaluation of Rel iab i l i ty  and Validity of Behavioral Measurements 

A measurement technique must be proven re l i ab le  and val id .  Pr ior  t o  f l i g h t  
use the  lMBIMS behavioral measurement techniques must be evaluated as a composite 
t e s t  ba t te ry  with regard t o  these character is t ics .  SuccessniL u t i l i za t ion  w i l l  
require establishing population standards and baselines of performance. Since 
t h e  t e s t  ba t te ry  i s  a composite of many previously separate measurement techniques, 
standasdization of t h i s  par t icular  group of t e s t s  i s  essent ial .  Furthermore, the  
sens i t iv i ty  of these measures and t h e i r  efficacy over long periods with repeated 
measurement must be evaluated. Final ly  the  relat ionship of these performance 
measure t o  physiological indices must be established and t h i s  is  ~ s s i b l e  only 
through empirical, determinations. 



Tmm 2 

STQUGE OF SPECEMENS FOR 
POST-FLPCE m&YS IS 

Gatecholamines 
Met ane p b r  ines  
VMA 
5 -HIAA 
17-ketos t e ~ o i d s  
17 -OH-s t e r o i d s  
Hydroxyproline 
Amino ac ids  
Creat  ine  
Aldos terone 
ADH 
ACTH 
Pyrophosphates 
Ahtibody T i t r a t i o n s  
Prothrombin Consumption 
C l o t t i n g  Elements 
Blood Rheology 
F i b r i n o l y t i c  A c t i v i t y  
TSH 
Growth Hormone 
Parathyroid Hormone 
I n s u l i n  

23, Glucagon 
24. Ca lc i ton in  
25. Complement T i t r a t i o n  
26. Mucoproteins 
27. S u l f a t e  
28, Phosphollpids 
29. Histamine 
30. Leucocyte m b i l i t y  
31. Lymphocy te Karyotyping 

32, P l a t e l e t  Adhesiveness 
33. TBPA 
34, T4 
35. RBC Enzymes 

36. Serotonin  

I n d e f i n i t e l y - - a c i d i f y  
I n d e f i n i t e l y - - i n f e r r e d  

1 3 %  

Indef in i t e ly - - in fe r red  
192 

> 45 days, o r  a c i d i f y  2 
> 4 5  days, o r  a c i d i f y  2 .  
>45  days, o r  a c i d i f y  2 
>45 days 
>45 days 
>45 days, o r  a c i d i f y  2 
> 45 days, o r  a c i d i f y  2 
> 4 5  days, o r  a c i d i f y  2 
>45 days, o r  a c i d i f y  2 
>45 days, o r  a c i d i f y  2 
>45 days 2 
>45 days 2 
> 4 5  days ( V I I I  17 months) 

Doubtful 
293 

.45 days 2 
>45  days ( in fe r red)  2 
> 4 5  days ( in fe r red)  2 
> 4 5  days ( in fe r red)  2 
>45  days (deamidation when 3 

f rozen i n  ac id)  
> 45 days ( in fe r red)  2 
7 4 5  days ( in fe r red)  2 
> 4 5  days 2 

Questionable 
> 45 days 

293 
2 

> 4 5  days 2 
Unknown 
Doubtful 2 
May perform c u l t u r e  on-board, 
Stopping Growth a t  Metaphase 
Doubtful 2 
> 45 days 2 
> 45 'days  2 

Unknown, use preservat ives  
before  f reez ing 
Unknown, Freezing plus p r e s e w a t i v e s  4 

References : 
1. Syllabus of Laboratory Examinations i n  C l i n i c a l  Diagnosis 

Edited by L. B, Page and P. J. Culvcr 
Harvard Univ. Press, 1962 pp  332-334 

2. Fraser ,  T. M., Storage of Biologica l  Samples 
39: 146-152 (1968) 

3. c t s  of Freezing and Thawing on Selec ted  
Quan t i t a t ive  Recoveries, 5 : 87-95 (1968) 

4, Specia l ized  Diagnostic Laboratory Tes t s ,  7 th  Edi t ion  
Bbo-Science Labora tor ies  



2.5.1 Color Telemicroseope. - 
bckheed has performed ear ly  laboratory evaluation of the  potent ia l  use of 

-three color f i l ke r s ,  i n  conjunction with i t s  black an4 white telemicroscope 
te lev is ion  systeol, t o  provide an ultimate (aftc; ground based processing) c o ~ o r  
rendition of the microscopic s l ides  being viewed; all within the bandwidth 
constrhints of black and white TV s ignal  transmission. The r e su l t s  of these 
ear ly  experimentations were suf f ic ien t ly  promising t o  warrant a recommendation 
t h a t  fur ther  development be programed t o  achieve t h i s  three color capabi l i ty  
f o r  the  Fl ight  IMBW. The basic  problem appears t o  be a lack of enough spec t ra l  
response at the  red end of the spectrum. A potent ia l  solution would be the  use 
of a monitor screen with a lower color temperature charac ter i s t ic  and, i f  neces- 
sary, a special  vidicon tube with extended red response. 

2.5.2 4-channel Cathode Ray Tube. - 
Although one type of cathode ray tube (CRT) has been developed f o r  space use, 

as par t  of a Gemini experiment package, it w i l l  be necessary t o  extend t h i s  bas ic  
design knowledge in to  a device with a larger  viewing surface plus a dual-persistence 
screen. Laboratory development w i l l  be required t o  evaluate the  several approaches 
t o  both long and short  term persistence, including varying phosphors, use of f i l t e r s  
and/or electronics.  The lMBIMS CRT should be able t o  be used both fo r  analog wave? 
form display and as a video monitor. 
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P ,a Funetioncil Breadhon rd ( FBB) Scope 

This part of the FBB documentation establishes the overall perfomnce, 
design, and test requirements of D4I%P;S Functional Breadboard (FBB). The 
FBB shall be acsigned to carry out each specified measurement and test 
completely and with essentially the same procedural sequence as projected 
for the flight DIFLMS. 

The FBB design requirements have been estnblished to provide guidelines 
for corrponent and sy:;tc;n development and to :Issure that interfaces between the 
FBB and the observer/subject will be met. These requirements will be reviewed 
and when approved 

Various NASA, military and industry specifications particularly pertinent 
to the FBB design served as basic guides in the following discussion of these 
requirements. In particular design requirement f o m t  as outlined in NASA 

requirements establishment, 

1.2 System Definition 

seve goals. These goals include the capability 
to conduct each measurement and test with essentially the same procedural and 
data handling sequences as planned for the flight IEE,MS; to determine measure- 
ment feasibility and accuracy under operational constraints; to demonstrate 
centralized experimenter control; and to evaluate the handling, storage, and 
display of measurement data. 

The IMBLMS FBB system as illustrated in Figure 1, comprises the following 
elements: A ~ h y s i o l o ~ i c a l / ~ e h a v i o r a l / ~ t a  ---- Management (PBD;.I) Station; Xajor ------ -.-- 
peripheral measurement equipment; Subject measurement equipment; Siochemical --- 
Preparation and Analyses ( BPA) ~tati'on; Peripheral electronic equipment such 
as recorder~c~~a~~mpU.€F~nn6--SuppoEt;ing-Tnterf&ce~ Sikulation and 
Control and Data System (SCADS). In conjunction with a general purpose 
computer, SCADS will provide a simulation of the DIEMS flight-processing 
capability for automatic data routing, onboard data computation, and data 
compression. Interface requirements for nondeliverable equipment ( e. g. , LBNP, 
ergometer, mass measurement system, specimen mass measurement system, analog 
tape recorder, auxiliary pen recorder, and ~ C ~ ~ ~ / ~ o m ~ u t e r  system) w i l l  be 
delineated. 

1.3 Organization of Requirements Documentation 

Ten requirements documents will be developed based on the FBB Sy-stem Definition. - - -- - -4-- -.- -- - .- - - --- - 
The top document - System Requirements of which this document pertains, with 
the remaining documents concerned with Consoles, PBM Sbtion requirements, 
Biochemical Prepration and Analysis Station requirements, and hta &=gemen% 
req~sements. 
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o FBB System 
o Consoles 
CI PBDI Station - Clinical Evaluation - Dy-ns3lic Physiological Monitor - Vascular Dynamics 

- Respiratory - Metabolism and Nutrition - Behavioral 
o Biochemical Preparation and Analysis 
o h t a  Management . 

Incorporated in the requirements documents are the descriptive definitions 
and block diagrams associated with FBB. 



The fo l lowing  documents fom a part of t h i s  General Requirements document 
and w i l l  be used t o  furnish design guidelines, Any subsequent r e v i s i o n s  t o  
these documents which will be applicable will be defined i n  the  Engineering 
Development Unil (EDU) Requirements t o  be de-oel-oped under Task VII. 

2.1 Specifications 

2.1.1 Military 

Number T i t l e  - 
MlI,-~-9067C Adhesive Bonding, Process 3-16-61 

and Inspection Require- 
ments f o r  

MIL-C-27500 (USAF) Cable, Elec t r ica l ,  Shield- 12-27-60 
ed and Unshielded, Aircraft ,  
and 14i.ssile 

h t a ,  Engineering and Tech- 2-5-59 
nical: Reproduction 
Requirements for 

Ik ta  f o r  Aerospace Ground 4-a-61 
EQuipment 

Welding, Resistance: 10-20-64 
Aluminum, Ylgnesium, Non- 
Hardening Steels  o r  Alloys, 
Nickel Alloys, Heat Resist- 
i n g  Alloys, and Titanium 
Alloys; Spot and Sean 

MIL-W-22759B (WP) Wire, Elec t r ica l ,  Fluoro- 10- 28-65 
With Supplement 1 carbon-Insulated, Copper 
dated 10-28-65 and Copper Alloy 

2.12 Federal 

J-C-98 Cable and Wire, Insulated; 9-ll-51 
Methods of Sampling and 
Testing 



Number 

MIL-STD-LOO 

Pa-STE-130B 
With Notice 1 
dated 2-7-64 

MIL-STD-45 3 
With Change Notice 1 
dated 9-4-63 

MIL-STD-701F 
With Supplement 1 (UW) 
dated 2-6-67 and Notice 
1 (USAF) dated 1-23-67 

Title Bate 

Enginewing Drawing 3-1- 65 
Practices 

Ident i f ica t ion  Marking 4- 24-6 2 
of U. S, Mil i tary Property 

Inspection, Radiographic 

Electrom8gnetic Inter- 
ference Characteristics,  
Requirements f o r  Equip- 
ment 

Preferred and Guidance 
Lists of Semi-Conductor 
h v i c e s  

Human Engineering &sign 
Cr i t e r i a  f o r  Aerospace 
Systems and Equipaent - 
Part  1. Aerospace System 
Ground Equipment 

Human Engineering Design 
Cr i t e r i a  f o r  Aerospace 
Systems and Equipment - 
p a r t  3, Aerospace Vehi- 
c l e s  and Vehicle Equipment 

Environmental Test Methods 
f o r  Aerospace and Ground 
Equipment 



2.3 Other Documents 

T i t l e  

Dl1 1710.1 General Safety  Plan 10-4-66 
+Attachment A , Kennedy Space Center 

M-DE 80 20.008B Natural Environment and 4-65 
Physical  Standards f o r  revised 
t h e  Apollo Program through 

8-15 -66 

Nonmetallic Mater ia ls  11-n-68 
Design Guidelines and 
Test  Data Handbook 

Radiological Control - 7-U-67 
Exposure of Astronauts 
t o  Ionizing Radiation 

NPC 21)0&2 Q u a l i t y  Program Pro- 4-62 
v i  s ions  f o r  Space 
System Contractors 

Inspection System Pro- 4-6 2 
v i s ions  f o r  Suppliers 
of Space ~Yate r ia l s ,  
Par t s ,  Components, and 
Services 

NPC a 0 - 4  Q u a l i t y  Requirements f o r  8-64 
Hand solder ing of E lec t r i -  
cal. Connections 

NPC 250-1 R e l i a b i l i t y  Program Pro- 7-63 I 

vis ions  f o r  Space System 
Contractors 

RA-006-013-1A Procedure f o r  Fa i lu re  8-66 
Mode, Ef fec t s ,  and C r i t i -  
c a l i t y  Analysis ( l9ECA)  



T i t l e  

Range Szfety Manual 
A i r  Force & s t e r n  T e s t  
Range 

Metallic Yater ials  and 2-8-66 
Elements f o r  Aerospace 
Vehicle Structures 

Plate ,  Ident i f ica t ion  1-21-60 

MS 335868 (ASG) Metals, Definition of 1 2-16-58 
Dissimilar 

AFSCM 80-9 
Volume IV 

Handbook of Instruct ions 4- 20-66 
f o r  Aerospace Systems zevised 
Design - ELectromagnetic through 
Compatibility 4-23-67 

2.3.3 Other 

U m b e r e d  Atomic Energy Act of 1954 

@ Unnumbered T i t l e  10, Code of Federal 
Regulations, Chapter I, 
Par t  30 

Federal Supply Code f o r  
Manufacturers (~ame  t o  code) 



3.1.1.1 Orerall System Requircmcnts. - The IXELMS functional breadboard 
designed to fulfill several major design and pe 
include the capability to conduct each mensurernent and test with essentially 
the same procedural sequence as planned for the flight E/I&MS; to determine 
measurement feasibility and system accuracy under operational constraints; to 
demonstrate centralized experimenter control; and to evaluate the display, 
storage, and handling of measurement data. This section will list general over- 
all system requirements that have been established to implement the FBB design. 

Measurement techniques must be applicable for use in a zero g environment 
within a post Apollo spacecraft or space station. lieasurement equipment must 
be flight qualifiable within practical limitations of weight, power, volume 
and cost, although no special efforts will be made to ,miniturize the FBB. 
Simplicity of individual measurement procedures and equipxent along with 
centralization and utilization of controls and displays must facilitate multi- 
discipline experiments with small crews and optimize crew task assignments. 
Ekperiments must be safe, elicit the required degree of motivation and crew 
cooperation and provide reliable and clinically useful measuremerk data. 

3.1.1 -1.1 ~easurement s/~echniques Requirements. - The measurement/ 

Q techniques selection for the FBB is based on the ten measurement categories 
established by NASA. Although the LMSC listing of the measurements (See Table 
I) follows the ten NASA categories, for reasons of making mximum use of 
comonality of equipment, to obtain logical control and display lay-outs, and 
to simplify operator-and subject-/equipment interfaces, LMSC hss regrouped the 
measurements -- -- to fulfill these reguirenents. - 

The neurological measurements have been pooled with the vital signs and 
the more basic measurements in tne cardiovascular group to facilitate centralized 
control on the Dynamic Physiological Monitor (DPM), which also displays the 
simple derived values such as heart rate, respiration rate, and systolic and 
diastolic blood pressure, 

The more complex measurements in the cardiovascular group, such as cardiac 
output (impedance cardiogram), and those requiring the use of or used in 
conjunction with the LBNP or the ergometer, and which rely on the conputar to 
perform the necessary calculations, are displayed on the Vascular Dynamics 
panel. Energy metabolism in terms of ovgen consuiiption and carbon dioxide 
production from Category IV, &!etabolism acd Nutrition, are included in the 
Fkspiratory Suhsystem measurements, whereas ear canal temperature and average 
skin temperature from this same category, are measured at the DPM. The 
measurement of capillary fragility (~umple Leede technique) from Category VI, 
Hematology, has also been included in tho cardiovascular group, mainly because 
it uses a blood pressure cuff used for other mm.swrements in that group. iLll 



C l i n i c a l  Eva. lua t  i o n  

History and physical examination. 

mamic Physiolo~[ic~l Monitor 

Cardiovascular: ECG, VCG, sternal lends, heart rate, PCG/V~CG. 
Arterial blood pressure, pulse wave contour. 
Respiratory rate; ear canal and average skin 
temperature. 

Neurological: EEG, ENG, EMG. Level of Consciousness assessment. 

Vascular Dynamics 

Cardiovascular: Venous pressure (direct and indirect me.thod) . 
* Pulse Wave velocity. Limb plethysmogrzphy. Cardiac 

output ( impedance cardiogran) . 

a Ergometer 

Respiratory 

Lung volumes : Inspiratory capacity, expiratory reserve capability, 
vital capacity, residual volume, functional residual 
capacity, total lung capacity. 

Ventilation: Respiratory rate, Tidal volume, minute tidal volume, 
dead space, alveolar ventilation. 

Breathing mechanics: Maxinum breathing capacity, timed vital capacity, 
maximum inspiratory flow, maximum expiratory flow, 
lung compliance airway resistance, minute alveolar 
volume. 

Gas distribution, 
etc. comsumption: Nitrogen washout. 

Alveolar p02, pCO2 

O2 consumption - breath-by-breath, continuous. 
C02 production - breath-by-breath, continuous, 



(Table 1 ~ o n t i n u e d )  

Respiratory exchange ratio. 

Diffusion capacity (SO). 

Arter ial  blood gases: pOZ, pC02, pH 

Alveolar - a r t e r i a l  p02 gradient f o r  a i r  and 100% 0 2  

Capillary pO2, pCO2, pH. 

Cardiac output: . C02 rebreathing technique. 

Environmental 
measurements: Temperature, pressure, pCO2, pH$. 

Metabolism & Nutrit ion 

Caloric intake (data  input). 

Muscle s i ze  and strength. 

Body Mass. 

Total body water. 

Capillary Fragi l i ty  (Rumple Leede) 

Behavioral 

Sensory motor: Visual. 

Auditory. 

Psychomotor. 

Complex behavior: Monitoring. 

Complex mental processes. 

Complex perceptual processes. 

Work behavior. 

Individual and Interpersonal Behavior. 



(Table P ~ontinued) 

Specimen iderrt i f  i ca t ion  
and handling: Blood, urine, microbial smears. 

Ion-specif i c  
electrodes: 

Impedance: 

Blood - pH, $12, pC02, Bicarbonate. 

Plasma - Sodium, potassium, chloride. 

Urine - Sodium, potassium, chloride. 

Blood - Osm t i c  f r a g i l i t y ,  hemoglobin. 

Plasma - Glucose, calcium, phosphorus. 

Urine - Calcium, phosphorus. 

Blood - brmatocrit  . 
Refractometer: rlasma - t o t a l  protein. 

Urine - Specific gravity. 

Test tapes: Urine - pH, protein, glucose, blood, bUe. 

Radio-isotope 
Counter: ZG mass and survival. 

Plasma volume. 

Microscopy: Blood - RBC, WBC, W B C  d i f ferent ia l ,  Reticulocytes, 

C a l l  morphology. 

Urine - Urinary sediments. 

Other microbial smears. 

Miscellaneous: Blood - Bleeding time, Coagulation time. 

Urine - color. 



biochemj cabg he,~l;*toli.i;;Ec:~l riliero h lolo:. i c o l ,  ar,d i!~~~i:,;nologi:al mea 3 w ~ ; ? i . ~ n t ~  

have been pooled Loge tiler i n  Ca te,;c,,-.~ Z, Glialical L n b o r a t o r j  Evaluation, 
Since a l l  F133 mensurcrnents of envirormental p3r:mcters (cat, X) a r e  of n~a jo s  
coneern i n  the r e sp i r a to ry  ne?surc~nents ,  the e q u i p ~ c n l  required is considered 
part of the  Respiratory Subsystexc, 

3.1.1.2 ~ c , d i c a l / ~ n ~ i n e e r i n ~  Operational ?.eqilireinents. - This subsecsion 
presents  the  func t iona l  operat ional  i n t e r f ace  requirements f o r  t he  medical 
operator and sub jec t  u t i l i z i n g  t h e  F8i3 console, rack equipment, and t e s t  
apparatus. Requirements spec i f i ed  herein  a r e  app l icab le  f o r  both t h e  ?BIN and 
BPA s ta t ions .  

User Personnel. - The FBB system w i l l  be designed t o  accomodate t h a  5 t h  
95th  percen t i l e  population f o r  t h e  following equipment items: (1 )  consoles: 

equipment racks; ( 3) Lower Body Negative Pressure Device (LBW ) chamber; 
(4) Ergometer; and (5 )  pa t i en t  bed. Sensors, harness, masks, etc. ,  w i l l  be 
designed f o r  t he  50th pe rcen t i l e  population wi th  provis ions  f o r  adjustment t o  
accommodate varying pe rcen t i l e  ranges. 

The FBB w i l l  be designed t o  be operated by personnel wi th  a general  background 
and t r a in ing  similar t o  t h a t  of a n  astronaut.  This w i l l  correspond t o  ind iv idua l s  
of i n t e l l i gence  l e v e l s  and technological  s k i l l s  similar t o  as t ronau t  - physicians 
and astronaut-pilot-engineer. 

Equipment Location. - The PBDM and CMS consoles and supporting equipment 
and racks w i l l  be designed t o  permit t h e i r  i n s t a l l a t i o n  i n  a designated NASA/MSC 
f a c i l i t y .  The l o c a t i o n  of t e s t  subject  apparatus, LBNP, ergometer, and stowage 
enclosures w i l l  permit operator  ( physician) v i sua l  surve i l l ance  during appropr ia te  
periods of t h e  experiment run ( s e e  Fig. 2). 

Equipment t h a t  cons i s t s  of expendable suppl ies  w i l l  be loca ted  reno te ly  from 
t h e  s ta t ions .  A f r e e z e r  t h a t  i s  being used t o  preserve specimens may be loca ted  
some dis tance from t h e  operat ional  s t a t i o n  s ince  it w i l l  be used in f requent ly  and 
it w i l l  be counted on wheels so  t h a t  it can be moved e a s i l y  t o  any designated area.  

Some equipment w i l l  never be used a t  t h e  same time with  o ther  equipment. An 
example of t h i s  i s  t h e  Ergometer and t h e  LBNP. If convenient t h i s  equipment should 
be remotely loca ted  from t h e  operat ional  s t a t i o n  u n t i l  a c t u a l l y  required during 
t h e  exp~r iment  run. The Mass Measurement devices a r e  used infrequent ly  and can be 
t r ea t ed  s imi la r ly .  The vest/wiring harnesses t h a t  comprise t h e  cardiovascular 
measurement system a r e  worn ind iv idua l ly  wi th  t h e  poss ib le  exception of inc lus ion  
of t h e  Neurological Harness wi th  one of t h e  o the r  harnesses. These harnesses 
can be s tored remotely u n t i l  such time t h a t  they a r e  required f o r  a spec i f ic  
experiment run. An important considerat ion i s  f o r  t h e  consoles t o  be designed 
t o  permit operator  (physician) see-over f o r  viewing of sub jec t s  and t e s t  





1 L U  2 1 , I  , 1 : , '~l,  i f ) t  o ' th" L':PaP -i r3d c ry,-f-I;~;.r v5 11 
1.i. .ii t h i n  iiv.j-nec!iatc r-~-nci; / : icc~~~ , ; 01' i i.., i;i_rl c*nn,,olp opr ' r r~ to r  (nh: / r , jc izn)  . 
A1 1.. bicclhc:iiii':~l siippoyi cq-~iprrt:ni, 1-c i -r:u f'or DPA opc:rn"r,r ilti1iz:ztion dlrring 
3 nlensusenicnt run will i)c lac i ~ , c * c I  t i  i !,/I i r i  i,i!tl t ctr,vi~rnqnt r::ni.,c- of the‘ 02erat0r .  
Cables f o r  ::upport c jiripincnt :11id P S  t C I P ~ I  ?r:ii,~l,z 7 , : i l . l  t e  cuf r i c i s n t l y  long t o  
perxiit the console opt:rcxtor t o  ~ilovc t-,hc.~-; i t c i ~ ~  int,o a "convc;nient" u t i l i z a t i o n  
pos i t ion  p r io r  t o  ~neasurclnent rim,;. E q u i i ; m r f ~ u  clccign w i l l  permit alternrzt? 
arrangemenx p o s s i b i l i t i e s  while provjding s u f f i c i e n t  maintenance zccess ( a t  t he  
console o r  rack, o r  equipment removnl/repl~occment). 

bIeasurement Operational Mode. - Thrce prir1n.r~ mcasilrernent subsystems w i l l  be 
included i n  the  FBB program and a re  : (1) Phj.siologica1; ( ~ e h a v i o r a l ,  and (3) 
Biochemical. These th ree  rneasurelnent areas  w i l l  be supplemented by a data  
management subsystem f o r  da ta  input,  output,  handling, processing and display.  
The physiological  and behavioral measurement subsystems, and the  data  management 
subsystem w i l l  be in tegra ted  i n t o  one operat ional  s t a t i o n  a rea  including support 
equipment. This s t a t i o n  a r ea  w i l l  be kno-rn a s  the  PEDX s t a t i o n .  The bio- 
chemical measurement subsystem w i l l  be in tegrated i n t o  a second a rea  including 
support equipment and w i l l  be desigriateu the  Biocnemical Preparation and 
The operat ional  mode f o r  t h e  PBDN s t a t i o n  a rea  w i l l  be deeigned f o r  a one man 
operator  and one sub jec t .  The o ~ e r a t i o n a l  mode f o r  the  BPA s t a t i o n  w i l l  be 
designed f o r  a one man operator  with o r  without a subject .  Biochemical s a ~ p l e s  
may be taken p r i o r  t o  the  measurement run. 

Addit ional  individuals  associa ted wi th  the  checkout a c t i v i t y  w i l l  be employed 
as t e s t  support o r  measurement monitoriilg personnel only and w i l l  not  be included 
i n  t h e  ac tua l  s t a t i o n  operat ional  measurement procedural m. 

Console ~ i s ~ l a ~ / ~ o n t r o l  Panels and Work Surfaces. - Operation of nunemus 
measurement equipments w i l l  require  spec i f i c  d isplays  and controls  be provided 
t h e  operator  i n  a convenient work place layout.  Tnerefore, dedicated d i sp lay  
and con t ro l  panel zones w i l l  be required i n  a console f o r  operator  u t i l i z a t i o n .  
The operator  w i l l  require  an a r ea  t o  place logs,  procedures, work sheets ,  e tc . ,  
and add i t iona l ly ,  an a rea  t o  r e s t  h i s  arms, elbows, o r  hands during rout ine  
operat ions .  A workshelf a rea  w i l l ,  therefore ,  be provided t o  accormodate t h i s  
requirement. Figure 3 presents  the  required operat ional  display,  control  and 
workshelf area  r e l a t i onsh ip  t o  the  operator.  This f i gu re  a l s o  presents  general  
design requirement l im i t a t i ons  f o r  panel and workshelf a r ea  combinations. Reach 
envelope requirements a r e  presented i n  Figure 4 fox  a console configured t o  
accept standard 19 inch rack equipmentmounting. Figure 5 presents  v i sua l  cone 
envelope requirement l im i t a t i ons  f o r  viewing con t ro l  and d i sp lay  a reas  f o r  a 
t y p i c a l  f ou r  (4) bay console configuration and equipment l oca t i on  schene . 

Console Configuration. - Requirements f o r  FBB consoles have been es tab l i shed  
above; therefore ,  t he  layout of the  PBDM and BPA console w i l l  be i n  accord 
wi th  the  Crew Systems design object ives  and requirenents l i s t e d  i n  Table i. The 
general  console configuration requirement, and the  capab i l i t y  f o r  console see- 
over i s  presented i n  Figure 6. Tne console w i l l  be composed of mul t ip le  bays, 
each of which can accormodate standard equipxent racks of 19 inch modules. Tne 
PBDM s t a t i o n  console w i l l  be composed of four  (4)  bays and t h e  BPA s t a t i o n  w i l l  
be composed of t h r ee  (3)  bays. Both consoles w i l l  i n c o ~ o r a t e  groth  space i n  
t he  panel areas  and within  t he  console s h e l l  t o  provide f o r  subsequent display/  
con t ro l  equipment addi t ion a s  deemed necessary. 











i 1 - T!lr coj;sole npclraior w i  11 t~ provided with an i n s e r t  
-dm------- 

-:~m!lci:c ne.2&;c & (ulv- cci r .  O I > L ~ / )  ii:~.L i i , i  {,. I : L ~ c ~ ~  i i0(,~~1 i.ii::c . Tie hcm.l;c t & i i l l  pro-fide 
adcLLu~t,e :;.:~nal to rioisl-. mlio c-iid i1,c 4:;nsirnic r:ingi,, irithoiit r,pprcci!ile 
distortioil  will bz ;li Lear,I; 40 ~lti with powzl--f~:~r,dlinjr c ~ t p a c i t y  adequate 
receive t,hc pc3lc.s of' t h c  : r i ; l p l i  E i  c r  011 t p u i .  ~':nr~liorli:/rnikc cab1 c w i l l  b~ i i ~ h t -  
r ~ c i ~ h t  a.nd thc cclhlc.  ill l;oni:inaiie in 2 rrq:~Lc plug  to pcrrfiit plug-in i n to  the 
console input j:~~!i p Lug. 

3.1.1 .l. 3 Data Pilanagenicnt Rccluircmc:nts , Thc 114BLPJG functional breadboard 
w i l l  provide, i n  addition t o  dedicated djoplay cijuiprnent, several mc~dia of da ta  
presentation and data  entry,  plus a c;ip:il~iLiLy f o r  data storage, data e v ~ l u a t i o n /  
computation, and data  routing. T1llssc v.:-.i?ii.; general purpose modes of data 
handling and presentation w i l l  constitii t~ che Data ?&magement Subsystem ( D ~ E )  . 

Inputs. - The D&IS w i l l  provide a programmable input s ignal  switching matrix. 
This matrix, e i t h e r  d i r ec t ly  o r  indirect ly ,  w i l l  permit each measurement having 
an analog output s ignal  (except audio s ignals)  t o  be made available t o  the 
system computer, regardless of i t s  need f o r  fu r the r  evaluation. Signal degrada- 
t ion,  i f  any, w i l l  be within the accuracy envelope specTlied under Accurecies. 

T~le Dm w i l l  be capable of accepting input analog signals through i t s  switching 
matrix, o r  d i r ec t ly ,  f o r  purposes of recording i n  an analog nedim, and/or 
converting such s ignals  in to  a d i g i t a l  format f o r  fu r the r  computation, digital .  
recording and ( i f  required) output. 

The E M  w i l l  be capable of accepting coded d i g i t a l  information, manually entered 
v i a  a pushbutton keyboard with associated logic  and from "digit-dial" switches 
with associated logic ,  f o r  computation, analysis,  recording, e t c .  

The DMS w i l l  provide the capabi l i ty  f o r  video observation and recording of 
v isua l  data; from both a microscope and astronaut observation. 

Accuracy. - The DMS w i l l  provide an overal l  accuracy of 0.5 percent f o r  
measurements converted into,  and displayed, i n  a d i g i t a l  format. The DIvIS w i l l  
provide an overa l l  accuracy of 2.0 percent f o r  measurements accepted and d is -  
played, o r  recorded, i n  an analog format; each accuracy requirement i s  exclusive 
of the accuracies of the biociata transducers used t o  obtain these measurements. 

Recording. - The DMS w i l l  provide the capabi l i ty  t o  record incomcing -- 
data, converted data,  evaluated data and analyzed data, i n  both an --- analog - . and 
d i g i t a l  media. The DL% w i l l  provide a capabi l i ty  f o r  recording volce s ignals  
simultaneous with analog and d i g i t a l  data.  Additional "scratch-pad" o r  memo 
recording of voice signals,  with immediate playback capabili ty,  w i l l  be provided. 
Since the Functional Breadboard w i l l  not have complete mobil plug-in capabi l i ty  
f o r  voice intercommunication, small portable voice recorders may be used t o  
simulate t h i s  maximum f l e x i b i l i t y .  

Simultaneous data recording and display (e.g., pen recorders) may be used t o  
ver i fy  and/or compare t e s t  r e su l t s  with other  visual  display capabi l i t ies .  
Independent video data recording and/or simultaneous display w i l l  be provided 
by the DA%. 



Di:;nLa,y. - D?4.l=; w i l l  provide Lhc c:~p:j.iiil.i?;y t o  d i ~ p l 3 . y  up t o  foul? 
: ;!.r-L:l,l oil :;ii:na.Ls oil a vai-i:~i?:L,: j:ci.:;i:;t;crlcr: ~:;c3iLl0~coyic,  This 
oscilloscope wil.1. bc ccl.pc~.l>lc or ;.: i-~:t.is iil~c'l\~ln t i o n  Lor d f c c  Live three ii-ir;.:cn- 
siollnl prescnt:l-krions. Acl:~log d r ~ t : ~  ['or ili~:;pL:~y or1 the? oscilloscop~ XTiy b~ 

ol>t;:rinod f.'vol:l b i ( > d ; ~  j;:i Jirnr.;:;clucc: r.:: vj '9. t i 1 1 2  :;~,ri !,ckir!g ,:m:ztri.:c, f'rorn pI'~:viou~ly 
recorded ana log  dat,:.~, or. I'roi;i :i,n:~.lo~' s.i{:;i:i.l:; gi:ni)r:i:;cd i n  t h ~  Sy~t r ; r f i~  ~0rnputer 
and routed Lhl-ou~ii d . i~ik:~1-to- :~~:i . log ~ 0 r i : i ~ : r ~ , f 2 r : ;  . 'Eie ~ s c i l l 9 ~ ~ 0 r f i  will GI.. 

urovidcd with iit:.nual contri.lls to: v:~r,y 'ihc :I-nl)litudec, vary [;he S \ I C C ~  ~1?(3?ds t 

vary pcrsis-tence , c:~,libr:~ LC, atld ~ i 3 r 1 . 0 ~  other manual tasks con3iderc.d 
stinda$d f o r  t h i s  cquipmcn-t . 
The DYS w i l l  provide displays to indicate i t s  current operating conf ' ig~ration, 
including manual input keyboard s t a tus .  The D:G w i l l  provide the capabi l i ty  
t o  display, on an ef fec t ive  simultaneous basis,  up t o  f ive  separate d i g i t a l  
values; with an appropriate display of an abbreviated ident i f ica t ion  f o r  each 
value. Each ident i f ica t ion  readout w i l l  have the capabi l i ty  of presenting 24 
d i f fe rent  preselected alphanumerics. 

The DMS w i l l  provide the capabi l i ty  f o r  an alphanumeric (minimum t o t a l  of 64 
different  characters) printout o f :  nunerical aa ta  being entered in to  the 
system, r e su l t s  of computer evaluations, and preprogramxed s imdated ground 
instruct ions f o r  measurement var iat ions,  e t c .  

There w i l l  be a capabi l i ty  t o  display video data, e i t h e r  i n  real-time o r  from 
a video recorder. The l a t t e r  function w i l l  provide thz capabi l i ty  f o r  simulat- 
ing  ground playbaclc, and observation/evaluation, of video data  previously 
relayed t o  the ground v ia  a spacecraf t ' s  com~rij.cation system. 

Backup Operation. - The Data itanagement System w i l l  have su f f i c i en t  log ic  
and in terna l  e lectronics  t o  permit the operation of i t s  programnable (input) 
switching matrix v i a  the input keyboard, exclusive of the ava i l ab i l i t y  o r  
services of an external  system computer, The system w i l l  a l so  be capable, 
under t h i s  sane conf ig~ra t ion ,  of the recording display, and playback of analog 
input s ignals .  Alphanumeric readouts, except f o r  data  manually entered, and 
d i g i t a l  (or  digital-to-analog converted) data  w i l l  not be available i n  the 
backup mode of operation. 

Computation. - The DMS, v i a  a peripheral d i g i t a l  computer system, w i l l  
provide: a capabi l i ty  f o r  semi-automatic operation of the Functional Breadboard, 
measurement analysis  and evaluation through stored reference information and 
arithmetic computations. , 

3.1.2 Operability 

3.1.2.1 Rel iab i l i ty .  - The DiBLYB Functional Breadboard w i l l  be designed 
t o  operate under ground laboratory conditions. Attaiment  of the maxi~uii 
probabi l i ty  of proper iN3LMS FBB functioning during t e s t  operation w i l l  be a 
primary consideration i n  the design, fabricat ion,  and u t i l i z a t i o n  of the 33B. ,.. 

Limited operating l i f e  t e s t s  w i l l  be performed on c r i t i c a l  elements. The 
r e l i a b i l i t y  goal f o r  the FBB based on i t s  intended laboratory environment use 
s h a l l  be 1,000 h r  b1TBF. 

3.1.2.2 Maintainability. - General maintainabili ty desi_gn guidance w i l l  
c o ~ o m  t o  Paragraph 5.4 of ~ I E L , - s ~ - ~ ~ o ,  and ?(a-STD-1472. Provisions f o r  



se lv ice  and :i~aintena:lcc r~it ich : 1.1y bc ?z?ri'orrr,cci c!t~riri;; prc- t e z t  o r  post- tczt  
s I i ~ j l  be col~siclci-cd i n  the i l c s i y : ~  of t;l,c 1033. ::ii<:i? I *-tir,tr.?-tnce w i l l  eon;ist 
of rcrr~oval of col-isolc cicce;:, p:~:11313 :iild r<:in~v:~l :;ncl rcplnccx~cnt oi" c r i t i c a l  
colnponcnts o r  sub;ystcins. In SCIIII~: c;lsc7;, i i i ! c : - o ~ i &  racks will l;c fiirnizned 
which w i l l  penni t  ncci?;:? t o  a1 i~l-irncllt i,r :~u~ji~nl;r;,i?nt nechmisrn, Access co-rers 
not coinple t e l y  rcniovcible t i i l l  bc iiinC[-ci I: L21 covcrc, 7,ii tn captive quick-opening 
fas teners  capable of ;nsiiual opt m t iori w i ~ h  s imple ope rling tools . 
Preventive main%enance w i l l  not be required during on-line operation of th5 
FBB. Preventive maintenance, 111ien required, w i l l  be perfomled a t  i n t e rva l s  
of not l e s s  than 720 hours of opcration. 

Field  maintenance w i l l  be l imi ted  t o  rcplnccnent of removable un i t s  and r epa i r  
o r  replacement of f as tenzrs  and access panels . 

3.1.2.3 Useful L i f e .  - Estimates of time-line t e s t i n g  and equipment use 
indicate  t h a t  a t a r g e t  useful  l i f e  of 3 years i s  reasonable with reasonable 
servicing and maintenance. nie shelf  l i f e  of 5 years under normal warehouse 
conditions w i l l  be the  design goal. 

3.1.2.4 Natural Environment. - Tile FBI3 w i l l  endure, without performance 
degradation, the  na tura l  environment of p re - tes t  operations and checkout, 
t ransporta t ion,  storage, and operating at PIKA-FiiSC laboratory.  l!Tomal operational 
envirorunent i s  considered a s  air-conditioned wlth temperature a t  70°F f; 8' and 
a r e l a t i v e  humidity of 35 t o  60$. Natural environments designed f o r  a r e  : 

Pretest ,  Checkout 
Transportation 
and Storage Operating 

Temperature 3 2 O ~  t o  + 120 F 7 0 0 ~  4- 80 
Humidity, Relative 47- 70$ 35 t o  60% 

Atmosphere Normal A i r  Normal A i r  

3.1.2.5 Transportabi l i ty .  - Ful l  design recognition s h a l l  be given t o  
t he  du rab i l i t y  requirements of the  FBB f o r  the  pre- tes t ,  checkout, and t e s t  
operations.  Whenever possible,  the  equipment s h a l l  be designed t o  be transported 
by common c a r r i e r  with a minimurti of spec ia l  handling. Special  packaging and 
e lec t ron ic  t ransporta t ion methods s h a l l  be used f o r  t r ans fe r  of FBB from DISC- 
Sunnyvale t o  NASA-MSC. Mass and physical envelope of the  FBB ( ~ l e c t r o n i c  
consoles, equipment racks, measurement equipment harnesses, e t c . )  w i l l  be l imi ted  
t o  one-man handling capab i l i t y  wherever possible.  Sharp corners, and protrud- 
ing  components w i l l  be eliminated. 

Items of assemblies which w i l l  require spec ia l  handling during t ransport  w i l l  
be i den t i f i ed .  

Equipment i n  t h i s  category w i l l  include items o r  assemblies which exceed normal 
t r anspor t ab i l i t y  parameters; which w i l l  have hazardous o r  dangerous character is-  
t i c s ;  which t r i l l  require spec ia l  consideration a s  t o  s e n s i t i v i t y  t o  shock, 
v ibra t ion  o r  a t t i t u d e  during t ransporta t ion;  o r  which w i l l  have cnusual charac- 
t e r i s t i c s  such a s  temperature, pressure o r  humidity limits requiring envirormental 
control  o r  e l e c t r i c a l  source requirerrients , 



3 -1 ,z ,'7 Hlun:trt En;;inccriiiy;. - Tiic? i'P,B n.ccc:;:;:i.blli.ty, li,eoinei;r;j, and 
pacl<rL,yiiig 1 ; i l l  coiiipn-l;iblc 1.iit;il ;i.n oh:;ciy~er/ : ;ub,jcck rccluirernents. All C 0 n " c l ~  
alld displays will Lie compatibli' 1 , d i t ' ; l  hru!::~ri ; : r is inccrinl ;  stclniJ.:i.rds rind w i l l  not 
in te r fere  w i  tll nor;;i:~l test ox,c r:~. i;-i.c?nr; , l*jjl,-:;?'.~-l.~~~(;1' (~i:~cr;cdc I / I I X - S T D - ~ ~ ~ A - ~  
& 3) w i l l  bc used a:; a design gl.!.i.iic. 

3.1.2.8 Sai'cty. - The FT3B including a l l  i t s  components -2il.l not present 
a hazard t o  the operating pcrsoilncl o r  sui)Jectr;. Circui ts  t r i l l  brl afforded 
complete protection fso:n e l e c t r i c a l  inolP;~rzc tions. Over-loads caused by short  
c i r cu i t s ,  e tc . ,  w i l l  be controlled with so l id-s ta te  power regulation devices. 
Fault  i so la t ion  maintained a t  the module leve l  w i l l  be demonstrated i n  one 
equipment module. Safety analysis w i l l  be carr ied out i n  accordance with the 
major provision of M I L - s - ~ ~ ~ ~ o .  LIGC Safety Engineering and Indus t r ia l  Safety 
Organization w i l l  be required t o  carry out safety analysis and safety ver i f ica t ion  
and assurance. 

Loss of e l e c t r i c a l  power w i l l  cause the equipxent t o  a s sme  a f a i l - sa fe  condition 
and a l l  equipment containers w i l l  be equip@ with e l e c t r i c a l  interlocks a s  
well as  a feedthrough grounding and e l e c t r i c a l  bonding system from orie equi2ment 
t o  the next. 

3.2 InterFace Requirements 

Interface requirements and constraints  of the FBB a re  due t o  functional,  
physical, and procedural re lat ionships between experiment equipment, operator/ 
subject and a l l  systems, equipments and f a c i l i t i e s  required t o  accomplish FBB 
Test objectives. 

3.2.1 Experiment ~~uipiment/l\,easurement Stat ion Interfaces.  

3.2.1.1 Ekperiment ~ ~ u i p i i e n t / 1 ) ~ ~ 1 4  Stat ion Interfaces.  - The PBDX s t a t i o n  
w i l l  provide su i tab le  interconnection, dis t r ibut ion,  and control of measurenent 
s ignals  or iginat ing from external  sources such as  harnesses, s ignal  conditioners, 
verbal data, e t c .  Additionally, it w i l l  provide sui table  electrical/mechanical 
interconnection t o  experiment equipment used as  periphal support such a s  the 
Ergometer and LBNP. U t i l i t y  support such a s  power, water, a i r ,  oxygen and ' .  

vacuum w i l l  be provided a s  needed. 

Interface terminals w i l l  be provided f o r  the transmission of data t o  computer 
processing. Control of t h i s  interface w i l l  be a t  the PBDM sta t ion .  

Checkout and ca l ibra t ion  functions w i l l  be provided by the PBDM s ta t ion  f o r  
the  experiment equipment. 

3.2 .l. 2 Experiment ~ ~ u i ~ m e n t / ~ ~ ~  Stat ion.  - The BPA s t a t ion  w i l l  provide 
sui table  handling and measurement f a c i l i t i e s  f o r  the experiment equipxent. It 
w i l l  provide equipment f o r  identifying and labeling a l l  s a ~ p l e s  and specimens. 
Preservation and storage of urine and blood samples a t  cryogenic temperatures w i l l  
be provided. Waste disposal f a c i l i t y  w i l l  be provided a t  the s ta t ion .  U t i l i t y  
support such a s  power, water, chemicals, e tc . ,  w i l l  be provided as needed. 
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provisiolls w i l l .  bc:,provicied for tr:ln:;portiri!; r;,:ii;cria.L, cj:peri.inental results, 
tcsiG u-- p ,  , [ ;  I ; j 3 ;  p - i n  5 .  tr-in:;i-niszion, 
or for eo; i ipatat ionnl  p u r p x e s  

3.2.2.1 PBDP.1 s t - t t i o n / ~ : ~ ~ ~ i ? ~ , t  Systc:?s.  - F9IX.I St?tion support sgr,t,erns a re  
ident i f ied  as a~-:<i l iary r e ~ p i r a t o r y  cqu i  pmnt,  e n ~ i r n r ~ r ~ c n t a l  rconitoring, ca?.i- 
bration, audio, analoC/digitnl  :ind viilco tope recarding. The support zystems 
w i l l  have proper s t o ~ ~ c g e  and operationril position:: i n  relat ionship t o  tke  
s t a t ion .  Sp-cia1 precautions w i l l  be tnlrcn t o  package support equipxent and 
provide adequate interface i n  tenns of e l e c t r i c n l / ~ ~ e c h ~ n i c a l  f i t t ing ; .  The 
support equipment w i l l  be locntcd i n  such a ~ a y  as  t o  be eas i ly  available t o  
the operator both v isua l ly  a s  well as f o r  rncchanical operations i f  required. 

The envelope of the su pport equipment w i l l  be l imited t o  conform when assembled 
with the NASA f a c i l i t y  capabi l i ty .  

The weight of the support equipment w i l l  be l imited wherever possible t o  a 
one man handling operation. I n  cases where the support equipment i s  rack mounted, 
wheels w i l l  be provided f o r  mobility. 

3.2.2.2 PBDM ~ t a t i o n / ~ a c i l i t i e s  Interface.  - F a c i l i t i e s  w i l l  be made 
avai lable  a t  WGC f o r  the FBB Test t h a t  are  compatible with the space and 
u t i l i t i e s  requirements defined f o r  NASA-$EC. Tne FBB PaDr14 Stz t ion  w i l l  in terface 
with the  LMSC Simulation Control and Data System which l inks  d i g i t a l  and analog 
general-purpose computers. Tie system w i l l  be required t o  per fom real-time 
data  col lect ion,  conversion, reduction, and scal ing f o r  display a t  the PBDM. 
Conputer support w i l l  be provided by the SEX, 810 computer and peripheral equip- 
ment, e.g., tape control and magnetic tape uni t s  paper tape reader, and a d i g i t a l  
input/output control uni t .  

3.2.3 MSC Laboratory Interface with the FBB. - ?IMA/MSC w i l l  prelpare a , 

conceptual layout f o r  the IXBLVS F3B checlrout f a c i l i t y .  This layout w i l l  be 
based on NASA requirements, and the LMSC requirements a s  presented below. 

3.2.3.1 MSC Laboratory Configuration. - The LbEC FB3 w i l l  be in s t a l l ed  
i n  Building 8, second f loor ,  room 270. The room i s  an enclosed area approximately 
thirty-two (32) f e e t  long by twenty (20) f e e t  wide. Ceiling height i s  approxi- 
mately e ight  (8) f e e t .  The f l o o r  i s  concrete with t i l e  covering. Walls a re  
p l a s t e r  board, while the c e i l i n g  i s  acoustical t i l e  contining numerous f lush  
mounted il lumination f ix tu res  . Tnere are  two doors, approxiiiately t h i r t y  (30) 
inches i n  width which provide access t o  the roorn. Standard 110 vo l t  wall  =ockets 
and telephone plugs are  m a i l a b l e .  Adjacent t o  the main room are  smaller room 
which interconnect through doors and may be available f o r  desk space, cabinets, 
 compute^ in s t a l l a t ion ,  maintenance equipment, e t c .  

3.2.3.2 LMSC Ins t a l l a t ion  Requirements. - Three pr incipal  requirexents 
areas have been established: (1) Operation, (2)  Interface,  and (3) Maintenance. 

Operation. - IvIaJor peripheral equipment such a s  the ergometer, mass 
measurement, Rr,ES chair,  and LBlP rnust be lccated i n  an experiment area which is  
observable t o  the PEli'4 console operator. Equipment cabinets containing items 
associated with the PBDM s t a t i o n  and the BPA s taion must be located within 
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1.i_?:isona.ble access dis  tanccs of.' t .hc c ~ r i ~ o l . ~ ?  crc;r:: s"r.:?.'i, ions . 'ille consoles, 
eij\lip;r,ent cabinch:;, nnii i;csi; ci.np:~.z.:~,i;i~:: :ii1::;1; i-1; po:;itione? zuzh  t h a t  t h c r e  
can be adequa-i;e I)CTSOI?IIC~ tr3i'Si.c 12.o~ boi;ll i.'or irc~r?i:al 0pcrr-tt;io.n~ and Tor 
emergency s i  tus t io~in  . 
m e  t o t s1  room clb r?oj ~c (MCA) Icvel , e ' i c ? l ; i ~ ' i ~ e  o i  ~ ) x p c r i ~ ~ ~ r t t  ;iippir3tlls7 : r i l l  
be no ~ r e c l t e r  than 25 db, I l l l l i? l in '~t ior i  r i j j - L  ult no lezs thnn 25 r'cjot canrnes 
a t  the console ~rorlc bop surl'acc. Di i , l r l iny :  ~~~~~~~ol i i i l l  be providcd t o  reduce 
overllead l i g h t  in t ens i ty  and t o  air1 i n  rcc :u~~r>r ,  glare ievcl-s. A normal c;.r- 
conditioned off ice  environment will. zec t FBB operating requirements. 

Interface.  - Cabling and U t i l i t i e s .  --The PEDT? provides an Input-Output 
connection panels f o r  the various cables used t o  intercornect measurement 
harnesses, peripheral t e s t  equipinent, recorders, computers, e t c .  Cable t rays  
o r  troughs must be provided f o r  minimizin~ interference during experiment runs. 
Interconnection i s  a l so  required between the PSDN and the  BPA s ta t ions .  A 
vacuum source l i n e  should be provided f o r  the BPA console t o  be u t i l i zed  i n  
the waste management system. F i l t e r  sources and debris t r a p  shoi;ld be provided 
near the console interface point with the  vactnux l i n e .  A n  a i r  pressure source 
(15 p s i )  and lead-in hose must be provided f o r  interconnect t o  the  P3DM console 
o r  t o  the subject during remote operation. 

A summary of the u t i l i t y  requirements is  as  follotrs : 

Power 
A i r  
Oxygen 
Vacuum 
Light 
Water 
Waste Disposal 
Ventilation 

110 v 60 Hz (single phase) 
100 psig (breathable) 
Commercial. bo t t l e s  
Stokes Microva Pump, Model 412~-10 
Variable i l lumination l eve l s  
Hot and cold ( loca l  supply) 
Acid Drain and Biological Waste Drain Accommodation 
Standard room a i r  conditioning 

Interface.  - Subject and Equipment Heat Loads. - Both the  PBDM and BPA 
consoles w i l l  be provided with blovers :'or in te rna l  heat diss ipat ion within 
the  consoles. Normal a i r  flow i s  through the bottom rea r  f i l t e r s  up past  equip- 
ment with a i r  discharge through the louvers in to  the roox downward and t o  the 
r e a r  of the two consoles. The heat production anticipated from operation of 
the  two s ta t ions  together with one exercising subject and three observers is  
estimated t o  be a s  follows: 

' 1 Subject - Ergometer exercise program 27.3 ~ ~ ~ / b f i n  
3 Observers - Light a c t i v i t y  45.0 3!I'U/~in 
PBDM & BPA Stat ions ( Inc l .  ~ l o w e r s )  79.4 ~VJ/>lin 
Freezer duty cycle - 1 HP 42.0 ~lk~/?.lin 

Total Heat Load 19 3.7 B D J / M ~ ~  

Maintenance. - Comnercial equipment requiring maintenance w i l l  be defined 
i n  the  Operating Procedures. Repair o r  modification of t h i s  type of equipen% 
w i l l  be nomall?/ handled by removal of the uni t  frorr, the Stat ion and serviced 
by maintenance laboratory. Special type e q u i p ~ ~ e n t  such as  mouthpieces, pulmonary 
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~ y o ; ~ l ; i l  will bc 1r:rt:i.nL:~ irloc -oil c;. kc-! . k:.i.r\(: f;,-ijr;La: {::({:I ipt;:i:~~t; :;~~i:h ;.is a ln,c,r~:i boring 
c > : ; ~ ~ ~ l . o ~ ~ o p ~  ~5.11 L ~ G  ~ > I ~ C > V . ~ . C I C : ~ L  7 h r . i . L i ~  c ~ ; < t , ~ ; ~ i ~ i : ! , ~ ~ > j . ~ :  :;Iil;[jol'!; ~ ; I < > i i r ~ + i ~  t;ki:~,k pf-!rriit; krouble 
::llooti~\g ~~itl~o~ik IY.VIL>V:L~ 01' i-,he r:nkj.~-i~ I I I I ~ - ~ , ~  .t,:~.i!ip r~ r : ;~~v :~ l  Vor the v:L~~o~L:; 
readouts w i l l  bt, nonnally nccori;~.il i ;:bi;:rl !)y t'ron'; n.ccc;;:, . Thc stnticjn c r ~ n s o l p s  
pennit scccss t'rom .Tror?t o r  L.O:?,L" ;.'or cli~3(:/:oiit; !,:rl:ir~t;i:n,?,ncr.. r]ormal.ly hhr're 
w i l l  be no maintcnclllcc requircd tlurin;: oplrrai,i.on of the FEE. 

3.2.3.3 Data process in^. - An int,crr"ncc tenninal, o r  space f o r  such a 
termination, t r i l l  be provided i'ur the tr;~n::lnission of data i n  d i g i t a l  f o m  t o  
a "i.rithin the state of thc a r t t t  c~utot:atic ( : - : tc t ,  proce:;c.ing coxplex located a t  
I S C  . Tlle tenninal x i i l l  be pl*ov idcu upon :,t ,̂L;Atz clc f in i t ion  of such a c~ap lex ,  
within the fran~ework of the overctll pro;;r.:!:il cchedulc. Should the timing of t h i s  
def in i t ion  f a l l  outside of program schedules, s p ~ c  t r i l l  be al located f o r  a 
f u t i ~ r e  terminal in s t a l l a t ion .  A sccond termination > r i l l  be provided f o r  in te r -  
face with a Lockheed owned computer conplex, f o r  operation of the FBB a t  Lockheed. 
Compatibility of sof'tware between the  Lockheed processing complex and the YSC 
complex w i l l  be s t r ived  for ,  within thc l i rni ts  of s imi lar i ty  between such 
complexes, and timely lcnowledge of the bEC e quip~ient . 
The FBB data  processing complex a t  f.SC must approach the following capabi l i t ies :  

Main Frame Computer 

o Organization - binary, pa ra l l e l  words 

o Memory - 8000 t o  64,000 word core (1 Peripheral Ta-pDeck required 
i f  i n  the range of 3211-64~ words; 2 Peripheral Tape Decks 
required i f  i n  the  range of 8K t o  1 6 ~  words) 

o Word Length - 12 t o  16 b i t s  per word 

o Cycle Time - 1.9 sec 

o AddTime - 3.8 sec 

o Multiply Time - 6.46 sec 

o Divide Time - 17 see 

o Programming - Fortran assembler with Boolean capabi l i t ies  

Peripherai Equipment 

o Magnetic Tape ~ n i t ( s )  - 45 inches/second, including cont ro l le r  

o Digi ta l  I/O Capability 

o Input/output teletype p r in t e r  and keyboard 

0 Paper tape reader 

0 Paper t a p  punch 



0 16 Channel rc.11 r\ecori!f!~ '[it, i-i cl,ii'i 'c:wc~iit ;:111;; car~necterl high ixput 
iinpedance (1 ~nci;oh~t o r  11j ghcr)  ;.mplii'icr/nttenuntorc 

o 1 4  t rack h a . 1 0 ~  Ma~ne t i c  Tape Record-r with d i f f e r e n t i a l l y  connected 
high input impcdancc (1 mcgohn o r  higher) m p l f i e r s  f o r  both recording 
and playbaclc. 12 trac!r,s t o  be recorded i n  an E.1 modulated E O ~ P ,  and 
2 tracks t o  be recorded i n  a d i r ec t  mode. A remote recorder control 
panel would be desirablc f o r  u t i l i z a t i o n  of t h i s  device. 

3.3 Design and Construction 

3.3.1 Mechanical. 

3.3.1.1 Modules Sizing Requirements. - A primary requirenent f o r  the 
FBB i s  t o  group re la ted  displays and controls.  Tne modular arrangement require- 
ment based on t h i s  c r i t e r ion  establ ishes a basic module s ize of 19 x 19 inches 
( f ron ta l  a rea) .  This pennits rack-mounting using conventional e lec t ronic  consoles 
and fu r the r  permits incorporation of standard r a i l s  so eqidipnent can be eas i ly  
moved out f o r  servicing, cal ibrat ion,  o r  removal. Variations of the  basic  
module s i ze  a re  permitted; however, only the basic module o r  a one-half module 
(1-1/2 x 9-1/2 inches) w i l l  be on s l i d e  r a i l s  and removable. Other non-standard 
modules w i l l  be hard-mounted and removable by conventional techniques such a s  
quick-opening fasteners ,  screws, e t c .  

3.3.1.2 S t ruc tura l  Requirements. - Removable modules w i l l  be provided 
with e l e c t r i c a l  cables of suf f ic ien t  length and f l e x i b i l i t y  and f u r t h e r  be 
provided with a protective coating over the length which i s  expected t o  be 
handled during i n s  e r t ion  and removal operations. The design of the  modules and 
i t s  rack s h a l l  include provisions t o  a l ign  the nodules i n  such a manner t h a t  
accurate alignment can be checked and possible adjustments can be performed 
without the removal of components, cabling o r  plumbing. 

Equipment containers w i l l  be provided with su f f i c i en t  screen covered holes i n  the 
s t ruc ture  t o  prevent excessive pressure buildup and t o  provide an adequate path 
f o r  a i r  flow. In addition, the vent holes i n  the s t ruc tura l  body w i l l  be provided 
with a f ine  mesh f i l t e r  screen t o  prevent debris from entering in to  the i n t e r i o r  
of the  module. 

3.3.1.3 Display and Controls. - Time displays required f o r  the FBB w i l l  
u t i l i z e  only the following standardized in terva ls :  days (24 hours), hours (60 
minutes 5 ,  minutes (60 seconds), and seconds, Tine aieasurement indicators  w i l l  
be of the digital-readout type, except when presentation i s  used primarily f o r  
r a t e  determination, o r  when frequent rese t t ing  i s  required. 

FBB controls which require too l ( s )  f o r  actuation, alignment, e tc . ,  w i l l  have 
provisions whereby the posit ion of the control i s  readi ly apparent t o  the 
operator without the tool  i n  place. Normally any adjustments w i l l  be e a s i l y  
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posit ion of the ;witch call bc dci,cc:lin~:d withr:it riioving the cover :,u'%d. 

3.3.2 E lec t r i ca l  and E lcc t ron i  c . 
3.3.2.1 E lec t r i ca l  Connectors n r~d  Circui t ry.  - Protection against reverse 

polar i ty  and/or improper e l e c t r i c a l  inputs w i l l  be obtained by careful  assignment 
of connector pins and connector 1;ey variation. To prevent short  c i r cu i t s ,  
e l e c t r i c a l  c i r c u i t s  w i l l  not be routed through adjacent pins of an e l e c t r i c a l  
connector. The connection pattern i n  the mounting brackets w i l l  be configured 
such t h a t  only the  r ight  modules can be inser ted.  Disconnected e l e c t r i c a l  
c i r c u i t s  w i l l  be protected against short  c i rcu i t ing  o r  cornpronising of other  
c i r c u i t s  by providing dea.d end female cosnectors o r  caps t o  the mounting brackets 
of the module. Pr ior  t o  removal of a module Prorn the mounting bracket, the  
disconnected p i g t a i l  i s  plugged i n  t o  dcad end o r  dummy connectors. 

3.3.2.2 Calibration. - A l l  measurements t h a t  can be cal ibrated by an 
e l e c t r i c a l  signal genzration w i l l  be performed e i the r  with a bu i l t - in  capabi l i ty  
o r  by employing a portable ca l ibra t ion  uni t  before and a f t e r  a 
Pressure and.temperature transducers w i l l  be calibrated using standard laboratory 
cal ibrat ion un i t s  on a one time only basis .  The portable ca l ibra t ion  uni t  w i l l  
have the following charac ter i s t ics  : 

Frequency accuracy 
Amplitude accuracy 
Frequency range 
Voltage range 

3.3.2.3 Power Requirements. - The FBB w i l l  be designed t o  operate off  of 
115  v k lo$, 60 Hz. 9C-DC converters w i l l  be provided together with sui table  
power regulation equipment t o  provide correct input DC r e m a t e d  power. AC power 
input cables w i l l  not ground the neut ra l  t o  the equipment chassis o r  cabinet. 
The chassis t o  AC power grounding w i l l  be through the green ground wire on the 
interconnection cable. A copper ground bus bar  w i l l  be provided f o r  DC ground- 
ing. 115 v AC and 28 V DC power ou t l e t s  w i l l  be provided. 

3.3.3 Fluid  a as and Liquid). The service points f o r  the f l u i d  systsms 
of the  FBB, including those f o r  f i l l i n g ,  draining, purging o r  bleeding w i l l  be 
located and designed such tha t :  

o Exposure of equipment t o  spi l lage of f l u i d s  i s  prevented 

o Servicing of f l u i d  systems c a n b e  accomplishedwith~utdamage 
t o  the service points 

The service points w i l l  be designed with posit ive protection by means of locat ion,  
connector type o r  s ize,  e t c . ,  t o  prevent connection t o  incorrect  f l u i d  service 
l i n e s .  



Tile fluid s y s  tern \:ill. bc tie nli.,mnet-? to pclri-i. t ~ ( j i i : ~ l ~  ti? i'f_u:;hing and draining. 
Tile :;?j:;i;cci will be f'rce i'rom iiiiad erlileti p.ip<iii;: or ~ : . L S C ; ; I ~ ~ C S  tkirough 7,;hEch 
iSlushi;l~ fluid canneb !IL' ir;sil.c to i ' l c ~ .  Dj.:-~in p0x.t;~ liill '062 pro~iided at t n ~  low 
point i n  the systern. 

Positive ne~sures . ; w i l l  be t L l i ~ ' t 1  Lo pr-vc 116 inrc;rr.:ct installation of f l u i d  l i n e  
components whose f;mcf;ion i s  dcpc~l~lciii; oil d j rcc t i ~ n  of f low.  Where feasible ,  
the design of ti:ese f I u'd l i n e  ccr~.iyonc,il tr, s l i l  l incorporxte end f i t t i n e s  O i  

connections whose din~eilsions o r  coili'jgurcltion w-ill not permit incorrect  i n s t a l -  
l a t i o n .  The direct ion of f l ~ i i d  I'lo~r w i l l  be c l ea r ly  indicated with pemanent 
marlcings of' the ex ter ior  of the  coinpcnent and the p a r t s  and l i n e s  t o  be mated 
with it. Where feasible ,  flow chcclcs w i l l  oc: made a f t e r  each insta . l la t ion o r  
change . 

3.3.4 Test Provisions. - Consideration ~will be given t o  incorporating 
t e s t  points i n  cer ta in  c r i t i c a l  c l c c t r i c a l  and f l u i d  subsystems. A denonstra- 
t i on  of t e s t  checlcout w i l l  be performed. Test equipment w i l l  be iden t i f i ed  
and a l i s t  prepared containing descriptions, functions, accuracies, t e s t  ident i ty ,  
use, costs ,  and delivery schedules. 

3.3.5 Materials, Par ts  and Processes. - Materials, par t s  and processes 
used i n  the  FBB w i l l  be of the highes5 qual i ty  compatible with technical require- 
ments specified herein.  

3.3.5.1 Toxicity of Materials. - Naterials  w i l l  not be used i n  t h e  FBB 
t e s t  area which, srhen operating a t  temperature up t o  the maximum ant icipated i n  
the  laboratory environment, w i l l  generate toxic  o r  noxious fuxes, o r  dust, i n  
such concentration as  t o  impair operator/sub jec t  performance o r  safe ty  . Fluids 
which can produce toxic  fumes w i l l  not be used i n  systems within the  FBB if a 
subs t i tu te  with equivalent performance ex i s t s .  

3.3.6 Electromagnetic Interference. - The requirements of MIL-STD-461 
will be used a s  guidelines f o r  the FBB electronic ,  e l e c t r i c a l  and electro-  
mechanical equipment. LMSC w i l l  follow the  E4I Plan developed under Phase B 
Section I1 1 m ~ - ~ - 1 6 3 1  and reported i n  LNSC 680517-111, 16 February 1968, Vol. 
111, Medical and Engineering Reports and Trade Studies, pages 3-230 through 
3-240. 



4-1.1 - The D:~Z;J;S Functional Breadboard ( FBB) will be 
designed to r'ulfill several n n j o r  design and perfomnce goals. These goals 
include the capcbility to conduct each mcasurn,rncnt and test with essentially the 
same procedural and data handling sequences as planned for the flight DL~LXS; 
to determine measurement feasibility and accuracy under operational constraints; 
to demonstrate centralized e2:perimcntcr control; and to evaluate the handling, 
storage, and display of measurement data. 

4.1.2 Design Concept. - The ~oclcheed' design is based on a centralized 
~h~siolo~ical/~ehavioral/and Data bianagement (PBCT?) Station and a separate 
Biochemical Preparation and Analysis ( BPA) Station. The FBB system will 
incorporate sensors and signal conditioning equipment, simulation control and 
computer services (non-deliverable) , test support equipment (deliverable and 
non-deliverable) and certain standard laboratory test measurement equipment 
( non-deliverable j . 

4.2 Block Diagrams 

4.2.1 Eauipment Elements. - Tne FBB System is comprised of equipment designed 
to perform the measurements specified in the ten NASA measurenent categories. 
Two mafor display and control consoles - a four bay console for the PBDM Station - 
a three bay console for the BPA', are utilized. An Auxiliary Rack is required 
to house peripheral respiratory equipment. A storage cabinet will be supplied 
to house support equipment such as vest/wiring harnesses, signal conditioners, 
and expendable supplies. A freezer will be provided for preservation of specimens. 

4.2.2 Functional O~eration. - Figure 7 illustrates the equipment associated 
wi%h the ten NASA measurement categories. As show the combination of 
Neurological and Cardiovascular measurements require six harnesses which are 
connected to the PBDM Station and led directly to the Qnamic Physiological 
Monitor (DPN). There calibration display and analog meter presentation of 
data occurs. Signal outputs from the DPM are transferred to the Eats Management 
Subsystem ( DYS) for processing, recording, etc . 
The Respiratory measurement equipment at the Auxiliary Rack consist of subject 
interface equipment such as mouthpiece, valves, etc. hta output from the 
Auxiliary Rack can go either to the Respiratory Panel at the PBEM Station or 
to the DIS for processing. 

The Metabslim & Nutrition equipment signal ~utput is led directly to the INS 
for processing. 

Endocrinology measurements, certain metabolic and nutrition measurements and 
hematological measurements, have been included in the Clinical Laboratory 
Pvalluation Category bX. 





C r , p i l l o y  F r a g i l i t y  r ~ r ~ l s u r c m e ~ ~ t  is  nccompl i sk -d  wit;la a RwLple-Leede cvXf 
and data entered t o  the  LES ii-ir.ou:h Lhe ri~up,e;.iexi data en t ry  keyboard, 

1.iicrobiology and hununology mcasurement equiprnont conc;ist of a TV-2.licsoscope 
i n s t a l l e d  a t  the  PBL24 S ta t ion ,  A d i r e c t  transrriission of" t h i s  data  can be 
effected,  The microscope can be removed f r o x  the  PBmI S t a t i on  and u t i l i z e d  
a t  t h e  BPA Stat?'.on when required.  h t a  i s  rfiznually logged and entered i n t o  
t h e  DPlS v ia  the  numerical data  en t ry  keyboard. An incubator i s  provided z.t 
t h e  BPA f o r  cu l tu r ing  and con t ro l l ing  specimens. 

The Behavioral equipment cons i s t  of the  Perforinance Panel a t  t h e  PBDI Sta t ion,  
and per ipheral  t e s t i n g  equipment which may be brought t o  t h e  PBBI S t a t i on  and 
operated. This per iphera l  equipment cons i s t s  of t he  Audiometer, Vision Tester ,  
and C r i t i c a l  Task Tracking Unit. Signal  outputs  from these  devices a r e  l e d  
t o  t h e  DMS f o r  processing, evaluation,  and recording. The TV unit a t  t h e  PBaM 
can be used f o r  subject  monitoring during work tasks .  

C l in i ca l  Laboratory Evaluations comprise t h e  major i ty  of t h e  BPA S t a t i on  
measurement. Equipment a t  t h e  BPA S t a t i on  cons i s t s  of ;  C o l o r h e t e r ,  Counter, 
Electrodes, HCT, Incubator, Centrifuge, and Tiner. l i o m l l y  data  obtained 
i s  logged and entered t h e  GYS through t he  Numerical B t a  Entry Keyboard a t  
t h e  PBIX Station.  

Environmental measurements a r e  accomplished with equipment loca ted  i n  t h e  
Auxil iary Respiratory Rack. Data i s  f e d  t o  t h e  LMS f o r  recording. 



Acccptnnce t e s t s  % r i l l  v e r i f y  that !;il!? FBi3 ::y:; ' i c ; ~ i  rnce t the technical reqqire- 
nicnts  speci f icd  i n  t he requil*z;!ierltc, ~J.o::~:iiic:z~tation. 

Where appropriate and prac t ica l ,  r cn l i . c ,L j c  opl_rri.tionnl conditions : l i l l  be 
employed. Hox?ever, t e s  t s  t r i l l  not be pr;.rfon~~cd under reduced afxospher5 c 
pressure conditions o r  i n  311 cnrichecl oxygen cnvirormcnt; nor  w i l l  f l i g h t  o r  
space s u i t s  be used. Ar;tronr,vtt trrtns1:btion :;;id r2s t r a in t  problerns associated 
with weightlessness w i l l  no% be simulated. Mrtasure:;.ents t h a t  would nom,ally 
require the  in jec t ion  of foreign substances in to  the body t r i l l  be simulated 
using special ly  prepared samples t o  represent low, normal, and high values 
of the parameters of in t e re s t .  The e f f e c t  of weightlessness on l iquid/gas 
phase separation problems w i l l  be simulated by gravi ty o r  varied gravita- 
t i ona l  forces work against the procedure involved. Specific acceptance t e s t i n g  
c r i t e r i a  sha l l  be established i n  accordnncc with the following requirements: 

o Acceptance t e s t ing  sha l l  b e  perfomed t o  ver i fy  t h a t  a l l  r e ~ u i r e -  
ments, materials,  construction, iror:r;iianship, dimensions, design 
and performance a re  met. Tests sha l l  be made under laboratory con- 
d i t ions  and room ambient ecnviroments . 

o The severity,  duration, and number of t e s t s  s h a l l  not r e su l t  i n  over- 
s t ress ing  o r  degradation of the hardware performance capabili ty.  

o Where possible, a l l  normal, a l te rna te ,  redundant and emergency 
operational modes s h a l l  be tes ted .  

o The hardware s h a l l  be cal ibrated and aligned p r i o r  t o  conducting 
Acceptance Tests. 

o Adjustment o r  tuning of hardware i s  not permitted during acceptance 
t e s t ing  unless it i s  nomal t o  in-service operation. 

o The degree of r e t e s t  necessa.ry i n  event of f a i l u r e  sha l l  be 
specified. A f a i l u r e  i s  defined a s  the i n a b i l i t y  of the  t e s t  
a r t i c l e  t o  perfom i t s  required function within specified iirriits 
under the conditions, and f o r  the duration specif ied i n  the 
Acceptance Test Cr i t e r i a  specif icat ions.  

o Any repairs ,  modifications o r  replacements a f t e r  completion of 
Acceptance Tests s h a l l  require re tes t ing  t o  assure the acceptabi l i ty  
of the change. 

5.1 Acceptance Test Procedures 

Operating procedures developed during Task 11 w i l l  be employed during checkout 
of the F'BB, which be prformed a t  the component, subsystem, and system 
leve ls .  Detailed checkout w i l l  follow ver i f ica t ion  of the operational readiness 
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SECTION 111-B 

CONSOLES 



CONSOLES 

3.1 Performance 
3.1.1 Functional Character is t ics  

3.1.1.1 Exterior Prof i le  
3.1.1.2 Console Equipment Panel Areas 
3.1.1.3 Writing Surface 
3.1.1.4 Equipment Cooling 

3.1.2 Operability 
3.2 Interface Requirements 

3.2.1 Interconnectioc Cables and Connectors 
3.2.2 Grounding 
3.2.3 Power Outlet Box 

3.2.3.1 Power Circui t  Connections 
3.3 Design and Construction 

3.3.1 General Design Features 
3.3.1.1 General Appearance 
3.3.1.2 Console Reconfiguration Capability 
3.3.1.3 Console End Caps 
3 . 1 .  Rear Access Doors 
3.3.1.5 Front Access Panel 
3.3.1.6 Console Color 
3.3.1.7 Equipment and Floor Loading 
3.3.1.8 Console Deflection and Li f t ing  
3.3.1.9 Console Floor Mounting 



This  p a r t  of t h e  FBB documentation e s t a b l i s h e s  Lhe r e q u i r e n c n t s  f o r  pa 
fomance  and des ign  of t h e  equipml-lil identified as the IIlBUlS FBB Operator  
Equipment Console, h e r e i n a f t e r  r e f o r r c d  t o  as t h e  Console. The Console i s  
used t o  provide a mounting f a c i l i t y  for i n d i v i d r a l  c o n t r o l ,  d i s p l a y  and 
suppor t ing  equipment i n  a f u n c t i o n a l  enc losure .  Phe Console provides  t h e  
primary i n t e r f a c e  f o r  an ins t rumented  s u b j e c t  and a t e s t  ope ra to r .  



The follo~iing docwients form a part o f  this requirement and will be used 
to furnish design guidelines: 

SPECIFICATIONS 

Mi l i t a ry  

Mil-S-38130A 
6 June 1966 

~i l -S-267A 
31 January 1966 

STANDARDS 

Federal  

FED-STD-595 
1 March 1956 

Mi l i t a ry  

Mil-STD-130B ( 1 )  
7 February 1964 

M i 1  -STD-L 70 
2 1  March 1966 

Mil-STD-1472 
9 February 1968 

Mil-STD-4% 
10  June 1968 

SSD (LMSC) 
7 

63 -3 
24 June 1963 

Drawings (LMSC) 

Safety  Engineering of Systems and 
Associated Subsystems and Equipment, 
General Requirements f o r  

Human Engineering Design C r i t e r i a  

Federal  Standard Colors 

Iden t i f i c a t i on  Marking of U. S. 
Mi l i t a ry  Property 

Mainta inabi l i ty  Program ~equ i r emen t s  
f o r  ( ~ y s  tems and Equipment ) 

Human Engineering Design C r i t e r i a  For 
Mi l i t a ry  Systems, Equipment & F a c i l i t i e s  

Standard General Requirements For 
Elect ronic  Equipment 

Engineering f o r  Transpor tab i l i ty  

Consois, Envelope Drawing 
Interface ,  E l e c t r i c a l  and Mechanical 



3.0 TECHNICAL REQIIIRDJE$RS 

3 - 1  Performance 

3.1.1 Functional Chnrac t e r i s t i c s  -- . - The development, design, manufacture, 
i n s t a l l a t i o n  and ~ e s t  of t h e  Console xi11 be i ; l  accordance with Mi l i t a ry  
Standard 1472. 

3.1.1.1 Exter ior  P ro f i l e .  - Tho Console envelope w i l l  conform t o  LTJISC 
Drawing 5S04148 which def ines  p r o f i l e ,  s t y l i n g  and envelope dimensions. The 
Console w i l l  be designed so  t h a t  i t  can be increased o r  decreased by u n i t  
bay widths of 19 inches. 

. 

3.1.1.2 Console Equipment Panel Areas. - The Console w i l l  be divided i n t o  
th ree  panel  a reas  according t o  spec i f i c  funct ion and are:  display;  control ;  and 
support  areas .  . 

The display a r ea  w i l l  be the upper por t ion of the Console f r o n t  surface .  
The display a r ea  w i l l  be capable of accepting rack-mount type equipment up t o  
1 9  inches wide, by t h e  i n s e r t i o n  of v e r t i c a l  supports. 

The con t ro l  a r ea  w i l l  be the  port ion of the  Console f r o n t  immediately above 
the  wr i t ing  area.  The con t ro l  a r ea  w i l l  be capable of accepting rack-mount type 
equipment by t h e  i n s e r t i o n  of v e r t i c a l  supports. 

The support a rea  w i l l  be the  lower por t ion  i n  the  r e a r  of the  Console. The 
mounting of the  19-inch wide panels w i l l  be wi thin  each u n i t  bay width. 

3.1.1.3 Writ ing Surface. - A hor izon ta l  modular wr i t ing  surface  s h a l l  be 
incorporated which i s  cons i s ten t  with a one or  two bay u n i t  width (approximately 
19  or  38 inches)  and will cons i s t  of a f ixed,  laminated p l a s t i c  covered top and 
a s t r u c t u r a l  support u n i t  t o  support the required weight. Each wr i t ing  surface  
module w i l l  be removable from the remainder of the Console wi th  common hand t o o l s  
f o r  ease of t ranspor t ing.  Writ ing surface end pieces  w i l l  be provided. 

3.1.1.4 Equipment Cooling. - Blowers w i l l  be provided f o r  equipment 
cooling.  The blower assemblies w i l l  be i n  accordance with LYSC Drawing S!504&8-31 
with t y p i c a l  operating and s t r u c t u r a l  c h a r a c t e r i s t i c s  a s  follows: 

a. Performance: Nominal r a t i n g  CF'M range, with air-vanes posit ioned 
f o r  v e r t i c a l  discharge: 

186 CFM @ 600 RPM 
480 CFM @ 1550 RPM 

b. A standard f i l t e r  w i l l  be used and w i l l  be mounted so  t h a t  it i s  
r e a d i l y  access ible .  

c. fir discharge def lec tors  w i l l  be provided. These def lec tors  w i l l  be 
ad jus tab le  t o  45' degrees i n  each d i r ec t i on  of v e r t i c a l  and 90 degrees t o  the  

III-B-lr 



adjus t ,ab le  s c r o l l s  r o t a t i o n .  The a n g l e  of d i s c h a ~ g e  w i l l  b e  cont inuous ly  
a d j u s t a b l e  w i t h i n  t h i s  range, 

The Console w i l l  con ta in  at lclst one blower assembly i f  heat producing 
equipnient is  L ~ s t a l l e d  therein, The bloi ;cr  :;ill be mountzd i n  t h e  lowest p o s i t i o n  
i n  t h e  suppor t  areas of the Console, and 1 ' ; i l l  not exceed one blower asscm'dz per  
bay.  Ducts w i l l  be provided w i t h  eacn bloirer to as su re  t h a t  or,l;r roon ambien t  
a i r  i s  brought i n t o  t h e  blower i n l e t .  A i r  d i scharge  through the  louver  i n t o  t h o  
room w i l l  be downtrard and t o  t h e  r e a r  of t h e  C o n ~ o l e ,  

The Console,  w i t h  b lower ( s )  ope ra t ing ,  b l ank  p a n e l  i n s t a l l e d ,  doors and 
p a n e l s  c lo sed ,  w i l l  meet an NC-LO n o i s e  l e v e l .  

3.1.2 O p e r a b i l i t y .  - S e c t i o n  I I I - A  System Requirements document c o n t a i n s  
a p p l i c a b l e  o p e r a b i l i t y  requirements .  

3.2 I n t e r f a c e  Requirements 

The Console w i l l  s a t i s f y  t h e  e l e c t r i c a l  and mechanical  i n t e r f a c e  r e q u i r e -  
ments as shown i n  DISC Drawing SS04601. 

3 .2 .1  In t e rconnec t ion  Cables and Connectors.  - AC power i n p u t  c a b l e s  w i l l  
use  p l u g s  which do n o t  ground the  n e u t r a l  t o  t.he equipment c h a s s i s  o r  cab ine t .  

3.2.2 Grounding. - S i g n a l  grounding w i l l  be  accomplished w i t h  a copper 
ground bus b a r  i n  each  bay. The bus  b a r  w i l l  be i n s u l a t e d  from c a b i n e t  o r  
c h a s s i s  grounds, and w i l l  c o n t a i n  tapped  h o l e s  and p r o v i s i o n s  f o r  jumpering t o  

0 a n  a d j a c e n t  bay- ground bus. 
- 

Chassis-to-A.C. power grounding w i l l  b e  accomplished w i t h  an  ex tens ion  o f  
t h e  g reen  wire  from each  bays  A.C. power d i s t r i b u t i o n  bos ;  of  s u f f i c i e n t  l e n g t h  
t o  pe rmi t  a s i n g l e  p o i n t  of c o n t a c t  between a l l  green w i r e s  and one o f  t h e  bay  
walls. Each bay w i l l  t hen  be e l e c t r i c a l l y  i n t e rconnec ted  t o  a d j a c e n t  bays w i t h  
a s h o r t  ground s t r a p  t o  provide  complete bay/chass i s  grounding. 

It w i l l  be  p o s s i b l e  t o  i n t e r c o n n e c t ,  o r  d i sconnect ,  t h e  s i g n a l  ground bus  
bar with/from t h e  s i n g l e  p o i n t  of g reen  wi re - to -chass i s  A.C. power ground. 

3.2.3 Power O u t l e t  Box. - An AC power o u t l e t  box w i t h  a t  l e a s t  6 r e c e p t a c l e s ,  
a c i r c u i t  b reake r  and an "on-off" s w i t c h  t o  c o n t r o l  t h e  r e c e p t a c l e s  w i l l  b e  
provided  i n  each  bay. 

3.2.3.1 Power C i r c u i t  Connect ions.  - The power c i r c u i t s  w i l l  be  s i n g l o  
phase at 115 V + 1 0  V, 60 Hz. Three wire  c a b l e s  w i l l  b e  used, of wkich t h e  h o t  
w i re  s h a l l  be b i ack ,  t h e  n e u t r a l  w i re  white ,  and t h e  ground wire  green. Each o f  
t h e  c a b l e s  w i l l  be  provided  w i t h  a p lug  t h a t  w i l l  f i t  a s t a n d a r d  Hubbell  5352 
dup lex  o u t l e t .  

3 . 3  Design and Gsns t ruc t ion  

Daalgn and a o n s h r u a x ~ a s  aha19 be i n  aocardansd ~ % $ k  LYSQ Drswind SSQhZb8, 
f i l - S T ~ - b S h ,  and t h e  fo l lowing  paragraphs .  



3.3.1 Cencral Desipn F e n t u r c s .  

3,3 ,L,l Genera l  Appearance, - A l l  f i l s  t c n o r s ,  screwr;, rivets, edc,  , shall 
be f l u s h  w l C h  the e x t e r l o r  s h e l l  of the  Console, The gerleral appearance of the 
Console shall be e s t h e t i c a l l y  a t t r a c t i v e ,  Door, pane l  and rnodule s e c t i o n s  shall 
be f l u s h  f i t t i n g ,  

j , 3 ,1 ,2  Console Reconfiguration Capability, - The Console s h a l l  be de- 
signed i n  such 2 nlnner that it can  be rcconfir<.tred t o  a d i f f e r en t  number of 
bay u n i t s  including the  wr i t ing  surface ,  w i t h i 1 1  8 hours. The reconf igurat ion 
s h a l l  be wi thin  the  capab i l i t y  of the  average technician using common hand too l s .  

3.3.1.3 Console End Caps. - The Console end caps s h a l l  be designed as 
removable sect ions  t o  provide f o r  expanding and decreasing the bay u n i t  s i z e  
of t he  Console. . 

3.3.1.4 Rear Access Doors. - Flush r e a r  access doors i n  each bay s h a l l  
be hinged or removable. The door re lease  l a t c h  s h a l l  be f l u s h  and s h a l l  not  
requ i re  any t oo l s  t o  operate. 

3.3.1.5 Front Access Panel. - Front access panels s h a l l  be provided i n  
each bay u n i t  and s h a l l  be of f l u s h  design. Each panel  s h a l l  provide adequate 
access t o  i n t e r i o r  of the Console. The fas teners  s h a l l  be f l u sh  and s h a l l  not  
requ i re  any t o o l s  t o  operate. 

3.3.1.6 Console Color. - The co lors  of the  Console s h a l l  be i n  accordance 
with FED-STD-595. 

3.3.1.7 Equipment and Floor Loading. - With a maximum i n s t a l l e d  equipment 
weight of 300 pounds per bay, t he  t o t a l  weight per  bay excluding end caps, s h a l l  
not  exceed 500 pounds. The t o t a l  d i s t r i bu t ed  f l o o r  load per bay, including 
Console bay and equipment, s h a l l  not  exceed 200 pounds per  square fqo t .  

3.3.1.8 Console Deflection and Li f t ing .  - A th ree  o r  four bay u n i t  Console, 
with end caps, s h a l l  su f f e r  no damage when supported a t  t he  other  edge of t he  
end bays with 300 pounds of dead weight i n  each bay and v e r t i c a l  supports i n -  
s t a l l e d  a t  increments of 19 inches. The Console s h a l l  be capable of being 
supported by the  hor izon ta l  surface  where the  l i f e  loca t ing  holes  a r e  without ' 

damage, with 300 pounds of dead weight i n  each bay. 

3.3.1.9 Console Floor Mounting. - Floor f a s t ene r  holes s h a l l  be provided 
i n  the  base of t he  Console f o r  the  purpose of f l o o r  mounting. 
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This doc>ment establishes the svesdl .  performance and design requirements 
f o r  the  C l i n i c d  Evaluation Subsystem. A l l  the clinicapb Evduations f o r  each 
of the  NAgA designate6 rneas1uemen-t; groups have been combined In a s ingle  medic& 
his tory  and physi :al questionnaire. The infoma.tion w i l l  be coded so tha t  i% 
can be entered irlto the  Data Management System v i a  the Numerical Data Entry 
Keyboard. 

2.0 APPLICABIB DOCUMENTS 

Section 111-A System Requirements Document contains a l l  the applicable 
documents . 

3.0 TECHNICAL REQUIREMENTS 

3.1 Performance 

3.1.1 Functional. - 
3.1.1.1 Overall System Requirements. - The c l i n i c a l  evaluation questionnaire 

w i l l  provide an across-the-board evaluation of the  mental as well as the physical. 
s t a tus  of the crew members. Emphasis w i l l  be placed on the par t icu lar  phenomena 
which are  considered spaceflight spec i f ic  o r  which may occur during prolonged 
f l i g h t s .  Many abnormal or  disease s t a t e s ,  the probabili ty of whose occurrence 
i n  healthy subjects i s  unlikely w i l l  not be evaluated i n  the  questionnaire 
Should it become necessary t o  include additional remarks o r  observations 
par t icu lar ly  i n  relat ionship t o  the e f fec ts  of trauma, the 'on-board physician 
w i l l  record these on a voice channel f o r  d i r ec t  o r  delayed transmission to  
ground control. 

Measurements of v i t a l  signs perse, which a r e  taken very frequently as par t  
of the  routine monitoring using other IMBLMS measurement equipment w i l l  not be 
included, although these can be ver i f ied  manually whenever considered necessary, 
using the  equipment contained i n  the physician's f l i g h t  k i t .  

3.1.1.2 Question- Organization. - The h is tory  and physical questionnaire 
w i l l  be combined i n  one form with a logica l  progression from general t o  more 
spec i f ic  in fo rma t i~n  consistent with the  c l a s s i ca l  physician's review of bod>- 
systems. Such an arrangement w i l l  f a c i l i t a t e  the entry of only pertinent da ta  
s imilar  t o  a physician's progress note. 

3.1.1.3 Data Entry and Retrieval. - The questionmire must be present t o  
-the physician i n  a manner t o  f a c i l i t a t e  the "cneckoff" of posit ive finding with 
coded information available so t h a t  the data  can be entered into the DMS. A 
f ive  d i g i t  coding system w i l l  indicate the major category, a more specif ic  
category, a more precise location of the  finding o r  complaint, i t s  nature and 
i ts  severi ty  o r  frequency. The D I G  must provide a permanent record which ident i -  
f i e s  both the narrat ive information and i t s  code. This w i l l  markedly f a c i l i t a t e  
the subsequent entry of follow up data. 



Seetion 1 x 1 - A  l?BB System Requirements Documen% contains all t he  applicable 
O p r a b i l i t y  requirements. 

I 

3 .2  Pnterface Reguirenents 

The interface requirements of the Clinic,< Evaluation Subsystem invollrc! the 
performance of a physical examination under weightlessness and the  entry and 
r e t r i e v a l  of t h i s  questionaire type data  v i a  the Data Management S'dbsystem. 

Physician-Subject Interface.  

ducted concurrently requiring 
~ ~ E ~ - " W e T g h % 1 e s s r i e s  s may 
s'i'f;TonGddTE+s ome--fiAjrpe of --- ' - 

i ~ K ~ a ~ e ~ - F f C d ~ 6 T ~ C e > K f n ' t a i I I e d ~ ~  A--restraint  - -  - .  
derice-for t h e  phys i c i a  *s TXigEt- XiIf;xm-GF ELIZ"drieEFss&yY - w itE-prOperxt raining 
th rphys ic f  a r r ~ ~ d ~ ~ ~ - a B ~ ~ E e 7 - d ~ C o ~ W E ~ - o  the suck ETfi-=aEFing-f;h------ am-ml yam- .'7.x@e -~-rrrc--l-nTo-~ztEK-f~-a~- --&-< *-b g-~g--~~b-g-;-c---~ g-- ---- --- -- 

------.--- -- -------- -- - 
enWrrCinto the-hem0 recorder  Gig the-headset and mike fo r  subsequent playback 
at the 

_- .C_I___.. _ ______ _ -- -- - -_-- - ---- --- - - - - - -  k StatTon. The-mslclan m u s t  refer to~.~he-q~s$-ioq-~-&07-obtain .. -- 
; -0p~r-code number t o  enter  posit ive findings. 

3.2.2 Data Management Interface.  - 
The data  obtained from the History and Physical Examination Questionnaire 

a r e  entered into the Data Management bystem a t  tne r=m In tne ~ o ~ ~ o w ~ n g m a n n e r :  

o The appropriate code i s  entered on the Processor keyboard t o  make the 
Numerical Data Entry Keyboard available t o  the DMS. 

o The physician s e t s  Astronaut Number, Mission Day, and Mission Time with 
t h e  thumbwheel switches on the Numerical DataEntry Keyboard. The Organ 
System switch i s  s e t  t o  0, and the appropriate Test Number, identifying 
the  History and Physical Examination, is entered a t  the Test No. switches. 

o Star t ing  with the f i r s t  h i s tory  and physical examinations entry, he s e t s  
the  appropriate f ive  d i g i t  code i n  the Test Value block. After v isua l  
ver if icat ion,  he pushes the  " ~ n t e r "  button. 

0 He proceeds i n  the same manner u n t i l  all code numbers have been entered. 

o The "~ecord"  button is now activated, which w i l l  record a l l  codes pre- 
viously entered on tape. 

o To obtain a printed copy the physician pushes the  "print t t  button on, and 
the  l i n e  pr in ter  w i l l  p r in t  out the data  tha t  was recorded on the Dm tape. 



The scorine; ~uld m ~ M n g  sf the question is  based on a -five $&=it system, 
POEPOWS. The d i g i t  represents one e major categories: 

0 General Status  
P Head and Neck 
2 Eyes 
3 Ears, Nose, and Throat 
4 Lungs 
5 Heart 
6 Abdomen and Rectum 
7 Genitolurinary 
8 Upper Extremities 

1, 
9 Lower Extremities 

m e  second d i g i t  indicates  the  major subdivision within each of these categories 
( ~ a n g e  0-9). The t h i r d  d i g i t  provides e i the r  a c lass  of symptoms, o r  a more 
precise  location of a finding o r  complaint. The following designations a re  used: 

0 Ent i re  area 
1 Left Side 
2 Right Side 
3 Left and Right Side 
4 Upper Half 
5 Lower Half 
6 Upper and Lower ~ d f  
7 Number (of tooth)  

The fourth d i g i t  del ineates  the nature of the finding o r  complaint, o r  provides 
fu r the r  de ta i l s  regarding the second or  t h i r d  d i g i t ( s ) .  ( ~ a n g e  0-9). The f i f t h  
d i g i t  indicates the frequency o r  severity,  or  gives another descriptor,  of the  
finding o r  complaint. A range of 0 through 4 was established, whereby 0 = None, 
1 = Normal, and 2, 3 o r  4 represents an increasing progression i n  severi ty  o r  
frequency, unless some other descriptor has been assigned t o  these numbers. 
Ordinarily all en t r i e s  scored 0 or  1 simply w i l l  be deleted and w i l l  not be 
recorded and transmitted. However, ground control, i n  response t o  a periodic 
physical examination report  received e a r l i e r ,  may request the on-board physician 
t o  check specif ic  parameters, i n  which case the l a t t e r  can posi t ively reconfirm 
a "none" o r  "normal" finding. 

Appendix 111-C contains the  complete History and Physical Examination 
Questionmire. It should be noted t h a t  where applicable all possible or  most 
l i k e l y  used combinations of the  first three d i g i t s  have been indicated as a 
complete group. This reminds the physician t h a t  he has t o  make a select ion of 
the  appropriate t h i r d  d i g i t  number before proceeding t o  the fourth and f i f t h  
d i g i t s .  Each posi t ive finding always consist  of a complete f ive-d ig i t  number. 
For instance, t o  report  moderate i tching and severe lacrimation i n  both eyes, 
requires the sequential  entry of codes 20363 and 20354. 

e 



The qilestionn con%ained in Amendix 111-6 w i l l  be psesenkeb in a logbook at 
t he  b"BDM s t a t i o n  so that the pbysiciw can enter the positive Pindi%s into the 
DM In the proper code. I 

Tlae b r a  copy r e su l t s  will be place& i n  the measurement daka, logbook. 

3.3.2 Displays and Controls. - 
I 

Applicable display and control requirements are specified i n  Section 1114. 



SECTION 111-C 

APHENDM 

&DICAL HISTORY & PHYSICAL MAMINATION QUESTIONTfAIRE 

The Medical. History & Physical Examination Questionnaire has been 
arranged according t o  General Status and Body Elements. The scoring 
and marking of the  questionnaire is based on a f i v e  d i g i t  systen. and 
is discussed i n  Section 3.3. 



GENEWAL STATUS 

Feeling of well-being 
Alertness 
Fatigue 
Insomnia 
I r r i t a b i l i t y  
Tenseness 
Boredom 
Host i l i ty  t o  ,examiner 
Delusions 
Hallucinations 

020 1 Sleep 
2 Dreams 

normal 
normal 

none 
none 
none 
none 
none 
none 
none 
none 

9ff 
inat tent ive 
s l igh t  
s l igh t  
s l igh t  
s l igh t  
s l igh t  
s l igh t  
s l igh t  
s l igh t  

poor 
depressed 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 

normal disturbed inadequate 
none normal pleasant frightening 

030 1 Water intake normal. reduced Poor 
2 Food intake normal reduced poor 
3 Micturition none normal reduced F o r  
4 Defecation none normal 2-5/24 hrs. 
5 Libido none normal increased decreased 
6 ~ n t e r p e r s  . relat ions normal strained f r i c t i o n  
7 Perspiration none normal increased decreased 

HEAD AND NECK 

100 1 Headache 
101 2 Itching 
102 3 WA 
103 

none 
none 
none 

s l igh t  moderate 
s l igh t  moderate 

sca lp  
ill 1 Skin texture normal dry o i l y  
U2 2 H a i r  texture normal dry o i l y  
113 

Face 
121 1 Skin forehead normal dry o i l y  
122 2 Facia l  muscles normal weak hyperactive 
123 3 Lip movement normal l a g  droop 

4 Facial  color normal pale cyi~lo t  ic 
5 Parotid gland tenderness none s l igh t  moderate 
6 Submax. gland tenderness none s l igh t  moderate 
7 Pain none s l igh t  

. e 
moderate 

ill 
comatose 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 

r e s t l e s s  
nightmazes 

increased 
increased 
diures is 

5/26 hrs. 

argumentative 

severe 
severe 
possible 

inflamed 

paralyzed 
psralyzed 
f l o r i d  * 
severe 
severe 
severe 



mm WCK (continued) 

Heck 
131 1 Skin color  
132 2 Muscle tenderness 
133 3 m s c l e  spasm 

k St i f fness  
5 F o l l f e a i t i s  
6 Lymph adeno~athy 
7 Throid enlsrgement 
8 Pain 
9 External swelling 

n o m d  
none 
none 
none 
none 
none 
none 
none 
none 

pipen"i;d 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 

pale 
slighG 
s l igh t  
sbi@% 
s l i g h t  
s l igh t  
s l i g h t  
s l i g h t  
s l i g h t  

red 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 

EYES - 
201 1 Photophobia 
2 Q  2 Diplopia 
203 3 Blurred vision 

4 Halo around l igh t s  
I 5 Lacrimation 

6 Itching 

s l i g h t  
s l i g h t  
s l i g h t  
s l i g h t  
s l i g h t  
s l igh t  
s l i g h t  
s l i g h t  
s l i g h t  ' 

moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 

severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 

none 
none 
none 
none 
none 
none 
none 
none 
none 

7 G r i t t y  feel ing 
8 Blurring 

, ! 
9 Pain 

I Eyelids 
I 2U. 1 Ptos is  
, 212 2 Lid lag  

213 3 Blepharit is 
4 sty/chalazion 
5 Laceration 
6 ~achrymal duct sweuing 

s l i g h t  
s l i g h t  
s l igh t  
s l i g h t  
s l i g h t  
s l i g h t  

moderate 
moderat e 
moderate 
moderate 
moderate 
moderate 

none 
none 
none 
none 
none 
none 

severe 
severe 
severe 
severe 
severe 
severe 

Conjunctiva 
221 1 Injected 
222 2 Conjunctivitis Lateral 

' 223 3 Conjunctivitis-Nasal 
Sc .. 4 Conjunctivitis Limbal 

5 Foreign body 
6 Chemosis 
7 Petechiae 
8 Hemorrhage 

s l i g h t  
s l i g h t  
s l i g h t  
s l i g h t  
s l i g h t  
s l i g h t  
s l i g h t  
s l i g h t  

moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 

none 
none 
none 
none 
none 
none 
none 
none 

severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 

Sclera 
231 1 Petechiae 
232 2 Hemorrhage 
233 3 Icterus 

Ocular Tens ion 
241 1 Palpation 
242 2 Tonometry 
243 

s l i g h t  moderate 
s l i g h t  moderate 
s l i g h t  moderate 

none 
none 
none 

severe 
severe 
severe 

s o f t  increased hard 

I I I - C  -3 
L 



EmS ( continued 1 

Eye Movements 

Cornea 
261 1 Kera t i t i s  
262 2 Opacity 
263 3 Pain 

4 Foreign body 
. 5 ~ b r a s i o n / ~ l c e r  

: Anterior Chamber 
271 1 Depth 
272 2 Hypopion 
273 

none 

none 
none 
none 
none 
none 

normal 
none 

s l i g h t  moderate severe 
slQb"c modesat e severe 

s l igh t  moderate severe 
s l igh t  moderate severe 
s l igh t  moderate severe 
s l igh t  moderate severe 
s l i g h t  moderate severe 

shallow obli terated 
. present 

Iris 
281 1 Pupil  s ize  normal constricted d i la ted  
282 2 Pupil  shape normal s l igh t ly  i r regular  grossly 
283 irregular  d is tor ted  - '  3 Reaction t o  l i g h t  normal sluggish no reaction 

4 Accomodation normal sluggish no reaction 
5 Iritis none possible moderate severe 

Fundus 
291 1 Color 
292 2 Arteries 
293 3 Veins 

normal pale 
normal narrow thickened 
normal distended distended 

& nicking 
4 Hemorrhage none s l igh t  moderate severe 
5 Exudates none s l igh t  moderate severe 
6 Detachment none present 
7 Discs - - normal cupping edema 

EARS, NOSE AND TRROAT 

Ears 
301 1 I t c h  
302 2 Pain 
303 3 Discharge 

4 External o t i t i s  
5 Dizziness 
6 Disorientat ion 
7 Vertigo 
8 Tinni t i s  
9 Deafness 

none 
none 
none 
none 
none 
none 
none 
none 
none 

s l igh t  
s l igh t  
s l igh t  
s l igh t  
s l i g h t  
s l igh t  
s l igh t  
s l igh t  

- s l igh t  

moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 

severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 
severe 



0 b 2 3 
E m ,  NOSE llbKB m O A T  (cant 'ad) 

E=&m ! 
321 1 Color 
322 2 Reflex 
323 3 Fluid 

4 Perf oration 

Nose-Nostrils 
330 1 Coryza 
331 2 Sneezing 
332 3 Epistaxis 
339 4 Obstruction nares 

5 Frontal sinus pain 
6 Max. sinus pain 
7 "cold" 
8 Kucosa 
9 Discharge 
0 Discharge color 

Lips 
344 1 Color 
2345 2 Herpes simplex 
346 3 Chei l i t i s  

Tongue 
350 1 Color 

2 Coating 

Teeth 
360 1 Toothache 

2 Caries -- 
3 calcu1- 

Tooth Designation 
367 

Gingiva 
374 1 Color 
375 2 Bleeding 
376 3 Ulceration 

in f lmed  
dssr yeeg ing suppwative 
sab@h% moderate occluded 

'normal du l l  injected 
absent normal enhanced 
none s l igh t  moderate 
none 

none 
none 
none 
none 
none 
none 
none 

none 
none 

s l igh t  
s l igh t  
s l ight  
s l igh t  
s l igh t  
s l igh t  
s l igh t  

normal pale 
s l ight  
clear  

moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
injected 
moderate 
white 

normal pale cyanot i c  
none 
none s l igh t  moderate 

normal pale cyanotic 
none s l igh t  moderate 

none s l igh t  moderate 
none s l igh t  moderate 
none s l igh t  moderate 

01-32 standard numbering system 

normal pale cyanotic 
none s l igh t  moderate 
none s l ight  moderate 

f i e r y  red 

bulging 
present 

severe 
severe 
severe 
severe 
severe . 
severe 
severe 
red 
severe 
suppurative 

- present 
severe 

beefy red 
th ick  

severe 
severe 
severe 

severe 
extensive 



Ph 
381 % sore throat mne 
382 2 Color sf mucosa 
383 3 swe~aing none 

s bight 
n O m d  p l e  

s bight 

moderate 
cyarastic 
moderate 

severe 
beefy red 
severe 

Tonsils 
391 1 Swelling 
392 2 Inflammation 

none 
none 

s l igh t  
s l i g h t  

moderate 
moderate 

severe 
severe 

LUNGS -'I'HORAX 

Thorax 
411 1 Cough none 
&,I2 2 Chest pain none 
413 3 R i b  tenderness none 
' 4 Tenderness over spine none 

5 Muscle tenderness none 
(long spinal)  

s l igh t  
s l igh t  
s l igh t  
s l igh t  
s l igh t  

moderate 
moderate 
moderate 
moderate 
moderate 
-- - - - 

severe 
severe 
severe 
severe 
s eve r e  

Respiration 
420 1 Dyspnea 

2 Rest position 
3 Movement with deep 

breath 
4 Accessory respiratory 

muscles 

s l igh t  
inspiratory 

normal 

none moderate severe 
mid-position expiratory 
s l igh t ly  impaired 
impaired 

used only with used 
deep breath o r  constantly 
exercise 

not 
used 

Lungs 
450 1 Diaphragm movement 
451 
452 2 Fremitus 
453 3 Percussion 

I 454 
' 455 4 Breath sounds - - 

456 5 Voice sounds 
6 Wheezes 

' 7 Rales 
8 Frict ion rub 
9 Adventitious sounds 

moves 
normally 
normal 
resonant hyper- 

resonant 
normal 
normal 

Minimal Impaired or 
movement 'no movement 
increased impaired 
d u l l  f l a t  

absent 
absent 
none 
none 
none 
none 

decreased increased 
decreased increased 

present 
moderate severe 

present 
present 

s l igh t  

HEART - 
Dizziness none s l igh t  moderate 
Pslpi tat ion none s l i g h t  moderate 
Extrasystoles none &:"$ ercise infrequent Skipped beats none ercise infrequent 
Decreased work capacity no .- %$i$ht moderate 
 hoking " no single e-pisckie periodic 
Syncope no 

episodes 

s ?vere 
severe 
frequent 
frequent 
severe 
f sequent 
frequent or  
very pro1ongec 



ItFEm (continued) 

present 
present 

n o m d  
normal decreased increased 

displaced 
heaving 

Pablpat ion 
520 1 PMI 
521 2 T h r i l l  
522 . 

normal 
none 

displaced 
present 

1 Percussion 
530 1 Mediastinal dullness normal increased decreased 

width 

Heart Sounds 
540 1 Intensi ty 

2 PI  vs A 1  
3 S p l i t  1st sound 
4 Spl i t  2nd sound 

normal f a i n t  loud 
PI  greater  A 1  greater 

none 
equal 
present 
present none 

Systolic Murmurs 
550 1 Apex none s o f t  blowing moderate 

none s o f t  blowing moderate 
none upward downward l e f t  

loud, harsh 
loud, harsh 
r igh t  

2 Base 
3 ~ransmission 

Diastolic M u r m u r s  
560 1 Apex 

2 Base 
3 Transmission 

none s o f t  blowing moderate 
none s o f t  blowing moderate 
none upward downward l e f t  

loud, harsh 
loud, harsh 
r igh t  

Frict ion Rub - - 
570 1 Apex 

2 Base 
none 
none 

present 
present 

ABDOMEN 

600 1 Nausea 
2 Vomiting 
3 Cramps 
4 Pain 
5 Distention 
6 Diarrhea 

none 
none 
none 
none 
none 
none 

s l igh t  moderate 
s l igh t  moderate 
s l igh t  moderate 
s l igh t  moderate 
s l igh t  moderate 
s l igh t  modesat e 

severe 
severe 
severe 
severe 
severe 
severe 



Q 1 2 
mDOmN (continued) 

3 

Upper QuabmCs 
601 % per is ta ls is  moderate s eve rqe 
402 2 Tenderness none sligh-l; rhoderate severe 
603 3 Point tenderness none s l ight  moderate severe 

4 MuscLe r ig idi ty  none sLighL moderate severe 

IAwer Quadrants 
6~ I. Per is ta ls is  
612 2 Tenderness 
613 3 Point tenderness 

4 Muscle r ig id i ty  

Liver 
620 1 Dullness 

1, 2 Edge 

3 Tenderness 
4 Icterus 

normal s l ight  
none s l ight  
none s l ight  
none s l igh t  

normal 
not sharp 

palpable 
none s l ight  
none s l igh t  

moderate 
mode rate 
moderate 
moderate 

diminished 
dif f'us e 

moderate 
moderate 

severe 
severe 
severe 
severe 

increased 
tender 

severe 
severe 

Spleen 
630 1 Dullness normal diminished increased 

2 Size not Palpable on moderately enlarged 
palpable deep breath enlarged 

3 Tenderness none s l ight  moderate severe 

Mass 
641 1 Size 
642 2   obi lit^ 
643 3 Pulsation 
644 4 Tenderness 
a 5  
646 

none 
none 

c 5  cm. 5-10 cm. > l o  cm. 
fixed s l ight  f ree  
s l ight  moderate strong 
s l ight  moderate severe 

Hernia 
651 1 Type - - umbilical inguinal femoral ventral 
652 2 s ize  s m a l l  moderate size large 

3 Reducibility reducible not reducibl 
4 Pain none s l ight  moderate severe 
5 Incarcerated bowel no Yes 

Mus cle s 
661 1 Muscle weakness none s l ight  moderate severe 
662 2 Reflexes absent normal weak hyperactive 
663 
664 
665 

- 666 

. Vessels 
670 1 Aortic pulse 

2 F e m r d  pulse 
increased decreased 
increased decreased 



Anw 
680 n Prwitis 

2 Tenderness 
3 Swelling 
4 Pain 
5 Inf Pwmat ion 

perf r ec ta l  
6 Ext. hemorr1;oid 

sSi& t 
slight 
s l ight  
s l ight  
s l Q h t  

moderate 
moderate 
moderate 
moderate 
moderate 

none 
none 

none 
none 

severe 
severe 
severe 
severe 
severe 

none 12-3 
o'clock 

none 12-3 7 Thrombosed 
hemorrhoid 

8 Bleeding hemorrhoid 
9 Anal f i s t u l a  

none 12-3 
none 12-3 

Rectum 
690 1 Sphincter tone 
691 2 Prostate s ize  
6% 

3 Prostat ic  m a s s  
4 Prostate tenderness 
5 Rectal m a s s  
6 Rectal tenderness 
7 Feces color 
8 Rectal bleeding - 

normal 
normal 

relaxed 
small enlarged great ly 

enlarged 
large 
severe 
large 
severe 
black 
severe 

none 
none .. 
none 
none 

normal 
none 

s m a l l  
s l igh t  
small 
s l igh t  
l igh t  
s l i g h t  

moderate 
moderate 
moderate 
moderate 
grey 
moderate 

GENITOURINARY 

700 1 Dysuria 
2 Hematuria 

s l i g h t  
s l i g h t  

moderate 
moderate 

none 
none 

severe 
severe 

W p h  Nodes 
711 1 Enlargement 
712 2 Tenderness 
713 3 Character 

4 Redness - - 
Inflammation 

normal 
none 

s l igh t  
s l igh t  

moderate 
moderate 
d iscre te  
moderate 

severe 
severe 
matted 
severe none s l igh t  

Penis 
720 1 Phimosis 

2 Edema 
3 Lesion-glans 
4 Lesion-meatus 
5 Discharge 
6 Pain 

s l ight  
s l igh t  

moderate 
moderate 

none 
none 
none 
none 
none 
none 

severe 
severe 
present 
present 
severe 
severe 

s l igh t  
s l ight  

moderate 
moderate 

Test is  
731 1 Pain 
732 2 Tenderness 
733 3 Atrop'q 

4 Enlesgement 
5 EIydrocele 

s l igh t  
s l ight  
s l ight  
s l ight  
s l igh t  

none 
none 
none 

* none 
none 

moderate - 
moderate 
moderate 
moderate 
moderate 

severe 
severe 
severe 
severe 
severe 



0 
GENIWmlN11l1b: (continued) 

s l igh t  
slight 

severe , 

severe 

BgbmtlCie Cord 
751 1 Varicocele 
752 2 Tendernesb 
753 

severe 
severe 

none 
none 

s l igh t  
s l igh t  

moderate 
moderate 

Kidneys 
761 1 Pain 
762 2 Tenderness 
763 

s l igh t  
s l igh t  

moderate 
moderate 

none 
none 

severe 
severe 

. . 

? ' Bladder 
7'70 1 Frequency of micturition 

2 D u l l  pain none 
3 Sharp localized pain none 
4 Tenderness none 
5 Burning on micturition none 

frequent 
severe 
severe 

- severe 
severe 

normal 
s l igh t  
s l igh t  
s l igh t  
s l igh t  

increased 
moderate 
moderate 
moderate 
moderate 

. - UPPER EXTREMITIES 

.* Hand 
811 1 Skin temperature 
812 2 Edema none 

3t Dorsum L Hand 
813 3 Tenderness none * Dorsum R Hand 
81.4 4 pain none 

3C Palm L Hand 
815 5 lrocalized Swelling * Palm R Rand 
816 6 Locdized inflammation 

7 Grip 
8 Metacarpal fracture none 
9 Laceration none 

warm cool 
s l igh t  

moist hot 
moderate 

dry hot 
severe 

s l igh t  

s l igh t  

moderate severe 

moderate severe 

thenar hypot henar ulnar rad ia l  

thenar hypothenar 
normal decreased 

ulnar 
_weak 
single 
moderate 

r ad ia l  
very weak 
multiple 
extensive 

Digits 
(odd numbers l e f t  hand) 
( ~ v e n  numbers r ight  hand) 

JC Thumb 
821 1 N a i l  color normal pale 

JC 
822 

Index finger 
823 2 subungual infection none 
824 3 Foreign body none 

-% Middle finger 
825 4 Paronychia none 
826 

cyanot i c  red 

present 
present 

present 

;* ROm: Any one of the fourth u n i t  descriptors 
can -ply t o  any 3-digit  group. - 



UPPER EXTIIEKTBS (continued) 0 1 2 

fu Ring f i w e r  
827 5 Pain 
828 6 S w e l l i w  

+# L i t t l e  f inger  
829 7 Inflammation 
830 8 Wemess 

9 F r a c t u e  
0 Laceration 

severe moderate 
moder~te 

none 
nOne severe 

s1ia.t 
s l i g h t  

none 
none 
nane 
none 

moderate 
Imoderate 
sjiwPe 
moderate 

severe 
severe 
mul% iple 
extensive small 

Wrist 
841 1 Range of motion 
842 

normal r e s t r i c t e d  unable t o  
move 

severe 
severe 
present 
exten$ive 

843 2 Weakness 
3 J o i n t  pain 
4 Fracture ! 

, 5 Laceration 

none 
none 
none 
none 

s l i g h t  
s l i g h t  

moderate 
moderate 

moderate 

Forearm 
851 1 Flexors weakness 
852 2 Extensors weakness 
853 3 Pronators w e m e s s  

4 Supinators weakness 
5 Pain 
6 Tenderness 
7 Swelling 
8 Carppedal spasm 
9 Fracture 

severe 
severe 
severe 
severe 
severe 
severe 
severe 

s l i g h t  
s l i g h t  
s l i g h t  
s l i g h t  
s l igh t  
s l i g h t  
s l i g h t  
s l igh t  
ulna 

moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
mode r a t e  
moderate 
radius 

none 
none 
none 
none 
none 
none 
none 
none 
none 

severe 
multiple/ 
compound 
extensive 0 Laceration none small moderate 

Elbow 
861 1 Motion 
862 2 Tenderness r ad ia l  head 
863 3 SweUing 

4 Pain 
5 Burs i t i s  
6 Fracture - - 
7 Laceration 

normal 
s l i g h t  
s l igh t  
s l igh t  . 
s l igh t  

r e s t r i c t ed  
moderate 
moderate 
moderate 
moderate 

unable t o  mow 
severe 
severe 
severe 
severe 
present 
extens ive 

none 
none 
none 
none 
none 
none s m a l l  moderate 

Upper Arm 
871 I. Weakness of flexors 
872 2 Weakness of extensors 
873 3 Fracture 

4 Laceration 

s l i g h t  
s l i g h t  

moderate 
moderate 
present 
moderate 

none 
none 
none 
none 

severe , severe 
c~mpound 
extens ive small 

Shoulder 
881 1 Range of abduction 
882 2 Range of rotat ion 

, 883 3 Deltoid weakness 
4 Adductors weakness 
5 Abductors weakness 
6 Bursitis 
7 Clavicle fracture 
8 Laceration 
9 Dislocation 

normal 
normal 

none s l i g h t  
none s l i g h t  
none s l igh t  
none s l i g h t  
none 
none 
none 

r e s t r i c t e d  
r e s t r i c t e d  
moderate 
moderate 
moderate 
moderate 

unable t o  move 
unable t o  move 

severe 
severe 
severe 
severe 
present 
extens ive b 
present 

moderate 
reduced 

I * 0 :  Any one of the fourth uni t  descriptors 
I can apply t o  any 3-digit group. 



hil l la 
891 1 Lymph node swel l iw none 
892 2 Plymphwitis none 
893 3 ~ o ~ l i c d i t i s  none 

s1igh-t; moderate severe 
s l ight  moderate severe 
wlight mderate severe 

Foot 
++ 991 1. Edem 

912 2 Skin Temp. 
++ Dorsum L foot 

913 3 Tenderness 
SC Dorsum R foot 

914 4 Dorsalis pedhs pulse 
.)c Plantar L foot 

917 5 Pain * Plantar R foot 
93-8 6 lhcalized swelling 

' 4  7 Localized i n f a t i o n  
: 8 Nail color 

9 Tinea pedis 
0 Fracture 

none 

none 

moderake 
moist & hot 

severe 
dry & hot COOL 

s l igh t  moderate severe 

normal absent weak 

s l igh t  moderate none severe . 
i 

severe ' 
severe , 

none 
none 
normal 

s l ight  
s l igh t  
paJ-e 
s l igh t  

moderate 
moderate 
cyanotic 
moderate 
d i g i t  

none 
none 

Severe 
aetatarsal/heel 

Lower Leg 
2 1  921 1 Flexors weakness 

922 2 Extensors weakness 
-923 3 Swelling 

4 Tenderness 
5 Pain 

severe 
severe 
severe 
severe 
severe 
severe 
severe 
multiple/ 

compound 
extensive 

s l i g h t  
s l igh t  
s l igh t  
s l igh t  
s l igh t  
s l igh t  
s l igh t  
f ibula  

moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
moderate 
t ibia 

none 
none 
none 
none 
none 
none 
none 
none 

6 Varices 

Qb. 7 Phlebitis 
8 Fracture 

9 Laceration moderate none 

Knee 
931 1 Range of motion 
932 2 Pain 
933 3 Fluid - 

4 Popli teal  a r t e ry  
pulsation 

5 Pate l la r  fracture 

normal 

normal 

res t r i c t ed  
moderate 
moderate 

unable t o  move 
severe 
severe 
absent 

present 

s l igh t  
s l igh t  

none 
none 

none 

Thigh 
961 1 Quadriceps weakness 
942 2 Hamstrings weakness 
963 3 Scia t ic  n. tenderness 

4 Fracture 
5 Laceration 

s l igh t  
s l i g h t  
s l igh t  

moderate 
moderate 
moderate 
present 
moderate 

none 
none 
none 
none 
none 

severe 
severe 
severe 
compound 
extensive 

Hip-Buttocks 
951 1 Adductors weakness none s l igh t  moderate 
952 2 Abductors weakness none ' s l igh t  moderate 
953 3 Range of flexion no res t r i c t ed  

4 Range of rotat ion no res t r i c t ed  
5 Pain i n  hip none sPQht moderate 
6 DisEoce;tioa none reduced 

severe 
severe 
unable t o  move 
unable t o  move 

severe 
present 

* NOm: Any one of the fourth d i g i t  descriptors 
e m  apply t o  any 3-digit group. 





SEOTION 111-D 

IMBLY'i FUNCTIONAL BREADJ3cARD 

PE~,WTCE/DESIGN 

REQUIrnENTS 

DYNAMIC PHYSIOLOGICAL MONITOR 

SUBSYSTEM 
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This document e s t ab l i she s  the  requirement- f o r  t he  performance, and design 
of t he  Dyncdc  Phy;iological I lon i tor  (6Pl.l) suhys tem together  with t he  re- 
quirements necessilly f o r  providing i.ntcrf:lces v i t h  o ther  EBLI snbsystens. 
The DPM display panel together  with body worn rnec~surement sensors, s i gna l  
condit ioners,  and v e s t  and wiring harnesses comprises t he  subsystem. 

The DPM is  used i n  an  a c t i v e  monitoring mode a t  e i t h e r  t h e  PBIM s t a t i o n  
o r  a t  a remote s i t e  t o  measure, display,  c a l i b r a t e ,  end record vital signs,  
c r i t i c a l  pressure s u i t  mensurenw-its, md rout ine  physiological  and neurological  
measurements. 

Section IIIA FBB System Requirements document conta ins  all appl icable  documents. 



3.1.1.1 Overall System Requirements. - The DPM subsystem must be capable 
of measuring s2ccified physiologicnl pimme,ers using body attached sensclrs, 
signal conditioners, and transducers. Zegistration of these measurements must 
be accomplished using graphical CT?, and meter presentation. Keasurement 
data will be preserved on peripheral tape recording and pen writer equipment. 
The DPM subsystem will provide either integral computational support to derive 
data from the electrical inputs, or will provide interconnection with external 
processing equipment. 

3.1.1.2 Measurement Requirements. - The DIN, used in conjunction with a 
number of body-worn or peripheral signal conditioners and six individual 
measurement vests and wiring harnesses will be capable of displaying the 
following physiological parameters: EEG (Two channels); EOG (horizontal and 
vertical); DIG (neck muscle); ECG reference ( sternal or axillarj) ; Heart rate 
(cardiotachometer); ECG clinical (~eads I, 11, 111, A ,  AVL, ATlF, V1-vg) ; 
VCG (Frank leads X, Y, and Z) ; ZCG (Kubicek method), ZPN (Respiratory rate 
derived); PCG/V~CG; P'\EJC; Ehr canal temperature; Average skin temperature 
(12 points); Systolic and ciiastolic blood pressure; and simulated suit 
pressure, suit flow, and suit pC02. Specific measurement data requirements 

. are tabulated in the Section IIID Appendix. 

3.1.1.3 Sensors. - Bioelectrical signals will be sensed directly with 
surface electrodes. A contact type microphone will be used to detect Korotkoff 
sounds and precordial vibrations. Photoelectric transducers will be used in 
special applications. Thermistors will be used to monitor body and skin 
temperature. The sensors will be attached directly tothe subject with output 
connections to signal conditioners. Close coupled attachment leads will be 
used wherever necessary to minimize signal loss and interference pickup. CC-DC 
excitation voltages for measurement circuits, as well as output leads will be 
provided adjacent to the signal conditioners. The sensors will be mounted or 
attached to the subject in such a way as to minimize response to body movements; 
be relatively immune to impact and vibration stresses, and operate over the 
range o,f the test environment. 

3.1.1.4 Signal Conditioners. - Signal modifiers consisting of signal 
conditioners, amplifiers, integrators, and filters will be used to modify, 
process, and normalize the bioelectrical signals. Solid-state differential 
amplifiers designed specifically for amplification of low level signals will 
be utilized. Single-ended output at high level will be provided. The majority 
of signal conditioners will be designed to be worn in a pocket of a belt or 
special vest. Some signal conditioners will be standard circuit boards 
(EEG, EMG, EOG, Standard 12 Lead EC G). 



3,L,1,5 Vest !iiirlng IIn~.ncsscs and Umbilical Cables, - The allceation 
of measurements to various measure:ncnt ves ts  anci 3nrnesses is L a b d a t e d  

Clinical ECG 

Vector Cardiogram 

--Axillary or Sternal ECG 
P C C / V ~ C G  
ZPN 
Temperature 

Blood pressure (separate) 
Pulse wave contour ( Separate) 

-X, Y, and Z (Frank's Lead System) i 
PCG 
ZPN 

Impedance Cardiogram -ZCG (Excitation and Sensing band electrodes) 
PCG 

Average Skin Temperature -12 points, individually weighted 

Neurological Measurements -EEG ( 2 channels ) 
EOG (horizontal and vertical) 
EMG (~ternocleidomastodeus or Splenius capitis) 

Body vests, harnesses snd umbilical cables form the electrical interface with 
the DPM and the PBDI station. The wiring harnesses will interconnect the sensors, 
signal conditioners and power converters. The harnesses will be flexible, 
adjustable and comfortable. Provisions will be made on the vests for individual 
adjustment of sensors by means of take-up straps. The vest design will 
accommodate the 50th to 95th percentile user. Mdti-pin connector(s) will 
be considered for handling harness umbilicals. Neurological and monitoring 
measurements can be measured simultaneously. The capability of interchanging 
certain signal conditioners between harnesses will be provided. 

3.1.1.6 Display and Control. - The DPM in its monitoring capacity will. 
display on panel meters the vital signs (~eqerature, Heart Rate, Respiration 
bte, and Systolic and Diastolic Blood pressure), and simulated suit parzmeters 
(Suit Flow, Suit Pressure, and Suit pC02.) Scales will be in medical units 
and sized to individual accuracy requirements. 

Selection of the specified physiological an2 neurological signals will bs 
affected by &ti-position switches. Adjus"cment of circuit gain will be handled 
by potentiometers located on the DPlY panel. %his will permit accommodating 
the chractesistics of the individual suEjec%s, 



A s inde-channel  oscilloscope w i l l  bo re:luired f o r  displaying p b s i o l o g i e a l  
wnvef o m s  t o  r;~.ike gross calibr. :~ Lion checks, 

iln audio at-id visual oLnrin systcin : r i l l  Iic pr.o;.icted i n  t h e  TX)r.I f o r  the v i t , d  
siL:ns. Provisions will bi: m:ldc: for scy2r :~  tcla turning o f f  t h e  audio ninm 
although another out-0:-limit:; cor,ciition w i l l  renctivate che alarm, LLxiLs 
w i l l  be esttlblished and control led by ri;ans of the  computer. Used i n  t he  
remote mode the  a l n m  system t i i l l  be inoperative.  A su lma~ry  of t he  d i sp lay  
and control  c a p b i l i t y  i s  tabulated below: 

..'.:xlo,o: meters with Upper and 
Lower Threshold Alarms: 

Ear o r  Average Skin Temperature 
Sys to l i c  blood pressure  
Dias to l ic  blood pressure  
Heart r a t e  
Respirat ion r a t e  

S u i t  pressure  
S u i t  flow 
Suit pC02 

Controls : 

Gain adjustment 
Alarm s e t t i n g s  
Oscilloscope adjustments 

Instrumentst ion Calibra.tion Scope: 

ELectrocardiogram, reference and 
12-lead c l i n i c a l ;  VCG 

Phono/Vibrocardiogram; 0.1 - 20, 
10 - 30, 30 - 500, 0.1 - 1000 &. 

Pulse wave contour 
Impedance cardiogram 
Impedance pneuoogran 
Electroencephalogram ( 2 ch) 
Electro-oculogram (Hor. & Vert. ch.) 
Electroinyogram 
Korotkoff sounds (cuff  Microphone) 

Calibration:  

ECG i n  DPM 

VCG>emote ZCG a c t i v a t i o n  of body-worn 
unit 

Recorder outputs 

3.1.2 Operabil i ty.  - Sect ion IIIA FBB System Requirements document 
conta ins  appl icable  Operabi l i ty  Requirements together  wi th  requirements a s  
l i s t e d  herein. 

3.1.2.1 Maintainabil i ty.  - The DPM w i l l  be removed from t h e  PBIN by 
disengaging t h e  back connectors and s l i d i n g  it forward from t h e  support s t ructure .  
A hinged metal cover on t h e  DPM with cap t ive  quick-opening f a s t ene r s  w i l l  be 
required t h a t  w i l l  swing away from t h e  DPN chass is  t o  permit a c c e s s i b i l i t y  f o r  
replacing and servic ing of a l l  t h e  c r i t i c a l  elements. 

3.1.2.2 Transpor tabi l i ty .  - The DPPI w i l l  be removable from t h e  PBllM and 
designed f o r  t ranspor ta t ion  and operation a t  a remote s i t e .  A recessed extendable 
handle w i l l  be provided. In  t h i s  remote operat ional  node only meter d isplay 
capab i l i t y  i s  required,  however, provisions w i l l  be made f o r  interconnections 
wi th  a data  rezorder, a power supply, and a low pressure a i r  supply. 

3.L.2.3 Saifety, - S k r p  edges, bwrs, corners a r e  not  permitted, Flush 
6% r64eGaad ge&$e~f&G&G b8 $ ? s w G ~ . .  d n a ~ %  6l%&i&€s and o the r  overload 



conditions will be controlled with poticr reg~dstion devices, Fault isola"r;on 
will be m.intained at tile n l c i d ~ ~ l e  LcT,-cl, If ~ ~ z y  component is replaced o r  
any p roven t ivo  or cor*rzc Live r-(?~ irltei T R C C  nppli*:ji9 t h e  E;: must be checked 
out prior to its seinstclllntiorl in dhc PBL21 station, 

Harness umbilicals carryinn; power f r o n  the PBLI4 to vest/wiring l%sness~s w i l l  
terminate in a rale connector at the  P3Lii panel, The FBC?,I int~rco~ection 
panel will have the female eor_ncctor installed, 

3.2 Interface Requirements 

The interface requirements and constraints imposed by the functional, 
physical, and procedural relationships between the DPM and the PBD4 station, 
and between the DPM, the operators, and subjests will be discussed below. 

3.2.1 Interface Recluirements - DP;VI/PBD?? St,,ation. - The DPM is the basic 
monitoring unit and is used for the majority of the physiological experiments. 
For this reason it will be given a central location at the PBCM station. The 
DPM will be installed at the station in such a way that it can be easily 
removed and transported. 

The flow of physiological signals from the vest/harness combinations will be 
accomplished with a 15-foot umbilical(s) terminating in a multi-pin connector(s). 
This connector will be attached to the PBDI station and internal distribution 
will be made directly to a rear connector on the DPM. If the DPM is being 
used at a remote location, the 15-foot umbilical cable(s) with its connector 

8 
w i l l  be directly attached to the rear connector(s) on the Dm. 

The blood pressures sphygmomanometer cuffplus microphone can be separated from 
the monitoring vest/harness. An air supply must be provided routed through 
the DPM programmer input/output ports. 

The major interface with the PBDM Data Management Subsystem is through signal 
output connector( s) at the back of the DP14. All output signals presented 
at the multi-pin connector(s) at the rear of the DPM module for further 
switching, must have an output impedance no greater than 2 X l f i .  This output 
will be tied into a switching matrix for distribution to display, record, and/or 
printout (see Figure 1 ) Physiological and neurological measurements 
assigned to the DPM will not be normally available to the P B M  Bta Management 
computational capability when the DPX is used in remote operation. "Semi- 
remoteu operation will be possible via interface cabling including the 
measurement of blood pressure with the pre~sure programer in close proxbity 
to the subject. 

3.2.2 Interface Requirenents - DPN, Operator and Subject. - While 
operating the D M  and its peripheral suppo~ting equipment it is necessaly 
to have the subject physically adjacent to the station and the operator. 
This permits the operator to set up and visually observe the subject, and 
to monitor the displays and readouts. 



part 

0 Remote t zpe  recorder  con-lrols m y  requ i re  re j r i r ing  o l  r ecorder  if space 
i s  l imi ted .  

@ Direct  DPM t o  tape  recorder  connection r e q u i r e s  ;peciel  cable. 

DPM REXOrE OPERATIO'T 

Pocs ible  opt ion t o  
o b t z i n  f u l l  r eao te  
%corder opera t ion 



The operator is requircd t,o opfir.at,e sygfitchr?s t o  control t h e  tests, to perform 
calibrations, and to n d j u c t  the i : ' ~ i n  corltrols. r'Jol.rri21 operation of the nodule 
t r i l l  bc f r o : , ~  a seqte i po:;S i'irtn n i, t,11*. n i ,* l f ion ,  Tk~c i  oper? tor m y  Le:17re thc 
st:ttion to ad just,, c:ilibrntc, or chc7clc oilt m~.?surernent equipmsrrt on the silbject, 
however, this will only occ~~s dulwir:i: experiiiicndll sat-up or upon conpletion of 
the experimental. run, 

3 s  2-3 . - 
Measurements bill be grouped so that maxi mi;^ utilization of comon equipnent 
will be achieved. Six vest/harnc;s conbinntions will be used assigned to: 
(1) Neurological, (2) Monitoring, (3) VCG, (4.) ZCC, (5) Clinical ECG, and (6) 
Average Skin Temperature. Normally these vests are individually worn and never 
more than one set of signals taken. However, provisions will be made for using 
the monitoring ves t/harness combination with the Neurological measurement system. 

Based on these measurement procedures, four 15 feet umbilical cables will be 
used with pin assignment as follows: 

1. Neurological - Separate individual cable assembly and separate connector 
at PBLN and at DPM 

2. Monitoring and Blood Pressure - The blood pressure sphygnontanometer 
cuff air input and microphone leads will be separate from the monitoring vest/ 
harness. Suitable mechanical interface will be provided to minimize motion 
artifact or oscillation in blood pressure air supply. A telescoping nechanical 
arrangement will be utilized for that portion of the air supply line that is 
external to the PBIN station. Within the PBDf station, hardline plumbing will 
be provided up to a flexible coupling at the DPM back panel. The pulse contour 
measurement may be added to the monitoring vest/harness/umbi3lical assembly. 

3. The VCG and ZCG harness cable assembly will utilize a common connector 
with appropriate pin assignments made. 

4. The Clinical ECG, and Average Skin Temperature umbilical cable assembly 
will utilize a common connector with appropriate pin assigments made. Audio 
monitoring of subject during measurement is required together with intercomuni- 
cation between observer and subject . A headset/microphone combination will be 
employed. The cable assembly will be dressed out in each vest/harness umbilical 
allowing plug-in attachment of the hcadset/microphone. The PBDM station will 
be equipped with plug-in capability for headset/microphone combination. 

3.3 Design and Construction 

The DPM subsystem will incorporate space-oriented equipment wherever 
practical. Commercial equipment used will be selected primarily on the basis 
of compact siza, principles of operation, and adaptability to space reqdrements. 
The DPI4 consists of the following elements: Elect.rodes, Sensors, Signal 
Conditioners, E-M= Converters, Body Vests, Wiring Harnesses, Display and 
Control Units, and Calibration Units, This section will discuss the mechanical, 
electrical, fluid, test provisions, and materials req~rements. 



3.3.1.1 Electroties, - A l l  b i o r  Li>c tri.c s i,-11-ils v i l l  be picked up by 
nenns of s n ~ a l l ,  re~:;,tble, sii:tc:.eci i ; : / i i :~ l  pc.Lict elcctrocles, Girlton ' T j . ~ e  
fL1-20 o r  dioposxbLe Teieetrocles, Pr.,,~i;,ion;; sin311 bs rrade f o r  interch-?r,ging 
these  electrodes on the ves t  a n J  cririr? kl~sncs::en. The Tclectrode d i c ; p s l b l e  
e lect rode i s  a metalized c lo th  contict with ssa2-on conr,ector and an e lec t rode  
paste  reservoi; t h a t  i s  se:lled t o  the  skin  by an adhesivs patch. The cloth 
contact  s t ays  wet and completely conductive. Coctact j e l l y  i s  put  on t h e  
c lo th  mesh i n  s u f f i c i e n t  quan t i ty  t o  keep the pad moist and sealed i n  by the  
adhesive edges. Snap-on connectors a r e  provided with t he  s igna l  cables  that 
a t t a c h  t o  t he  e lect rodes ,  When the  measurement i s  completed, the  Telectrode 
contacts  a r e  peeled off  and discarded. Impedance s i gna l s  w i l l  be acquired by 
means of e i t h e r  aluminum f o i l  (3M, #425) o r  metal-impregnated c l o t h  electrodes.  
These w i l l  have a band confibouration f o r  ZCG o r  r ec t an ,da r  p l a t e s  f o r  ZPN, 
Special  EEG elect rodes  developed f o r  NASA by ~ d e y / ~ e l l a w a ~  w i l l  be evaluated, 
when made ava i l ab l e  by t he  NASA. 

3.3*1.2 Sensors and Transducers. - A precordia l  microphone wi th  an ove ra l l  
frequency response f o r  0.1 t o  1,000 Hz i s  required f o r  PCG/V~CG neasurements. 
Detection of a r t e r i a l  sound f o r  blood pressure measurement w i l l  be accomplished 
by a contact  type microphone f o r  Korotkoff sounds, and a t ransducer t o  measure 
cuff pressure.  

For monitoring t h e  pulse contour a t  a f i nge r  s i t e  o r  on t h e  toe ,  an  i n f r a r ed  
photocel l  device such as t h e  Spacelabs Model 404 pulse sensor w i l l  be employed. 
When placed over a per ipheral  a r t e r i a l  bed, t h e  pulse sensor provides output 

a s igna l s  which fol low the  waveform of t h e  underlying p u l s a t i l e  flow. Body 
temperature w i l l  be taken by means of custom molded p l a s t i c  hearing-aid type 
thermis tor  sensors. Twelve sk in  thermis tor  probes w i l l  be used t o  ob t a in  t h e  
average weighted sk in  temperature. ( s ee  weighted formula i n  Section IIID 
Appendix. ) 

3.3.1.3 Signal  Conditioners and CC-CC Converter. - lnput/output character-  
i s t i c s  a r e  covered i n  t he  Section I I I D  Appendix. A br i e f  descr ip t ion  of t h e  
s i gna l  condi t ioners  and E-DC Converter follows: 

Electrocardio,~ram Signal  Conditioner. - The ECG s igna l  condi t ioner  wi th  
associa ted e lec t rodes  i s  designed t o  provide measurement of ECG a c t i v i t y  and 
develop a s igna l  range of 0.1 t o  100 Hz. The u n i t s  a r e  designed t o  be worn 
i n  pockets of b e l t  o r  t o r so  vest .  The device w i l l  be enclosed wi thin  a sealed 
case  f o r  t h e  reference and VCG app l ica t ions  and w i l l  be configured as a circuit  
board wi th in  t h e  DPM f o r  t h e  c l i n i c a l  ECC appl icat ion.  

Impedance Pneumogram Signal  ConditSoner. - The ZPN Signal  Conditioner and 
associa ted e lec t rodes  a r e  designed f o r  xeasurernent of a change i n  t rans thorac ic  
impedance t o  A low l e v e l  cur ren t  a t  a frequency of approximately 50 KHz. 
Measurement i s  obtained from a p a i r  of appropr ia te ly  located conductive c l o t h  
Nplatell e lec t rodes  on t he  astrofiSu€, wkieB develop s igna l s  f o r  r e l i a b l e  measure- 
@@Tad 82 i:eSgiwtisn 2 6 % ~  GVGr 3 %$dd RS;iiGG&ii ggnqe of r e sp i r a to ry  a c t i v i t y .  



The u n i t i s  designed to be Irsrn in Lhe pocket of  a b e l t  or $orso ves t ,  A 
~ ) o L " n t i o : n ~ t e r  on the DPil jirnrtits ndaj~is t r :ent ,  oZ' c i r c i r i t  gnin t o  a ~ c o r ~ ~ o d a t e  
t t ~ e  c h ~ ~ r n c  teri-s t i c s  ok t h e  ir;(iiv.i.da*ll n r; tron:iut, Tkie u n i t  w i l l  be a. 
llerme l i c 3 l l y  sealed case. 

- The teaperature  s i g ? ; ~ l  
conditior:er proi>(: provide - i n  ir.f:ic;>t,ion of s k i n  tcxpernture over t h e  E n g e  
8@F t o  115OF. The e a r  mold t~~~iper-i.r;ul.e sensors w i l l  be pro7ided by L:CSC. 
Yellow Spring; themiistors,  type LJ,OllX w i l l  be used i n  order t o  m t c h  che 
Spacelabs furnished s igna l  condit ioner.  The probe and s igna l  condi t ioner  
w i l l  be designed f o r  mxiiium r c l i z b i l i t y  both from t h e  standpoint  of continued 
operat ional  use, and t h e  preservat ion of accuracy throughout t h e  l i f e  of t h e  
device. The s igna l  condi t ioner  i s  enclosed wi thin  a hermetically sealed case, 
and i s  designed t o  be worn i n  t h e  pocket of a b e l t  o r  t o r so  vest .  

EEG Sifl;nal Conditioner. - The EEG s igna l  condit ioners with associa ted 
e lect rodes  a r e  designed s p e c i f i c a l l y  f o r  ampl i f icat ion of EEG signals .  The - - - 
ampli f iers  a r e  designed t b  provide a singlg-ended output a t  high l e v e l  t o  
match t yp i ca l  PCM te lemeter  input  l e v e l  requirements and f o r  s t r i p  c h a r t  
recorders. They w i l l  be of c i r c u i t  board construction.  The u n i t s  w i l l  be 
mounted together  with o ther  neurological  s i gna l  condit ioners c lo se ly  adjacent  
t o  t h e  subject .  Umbilical connection w i l l  Se provided f o r  interconnecting 
t h e  assembly t o  a head device holding t h e  electrodes.  

EMG. - The EMG s igna l  condit ioner w i l l  be made up i n  a regu la r  c i r c u i t  - 
board configuration.  It w i l l  be mounted i n  t h e  wall-mounted neurological  
assembly and w i l l  be used i n  conjunction wi th  t he  EEG and EOG measurements. 

EOG. - The EOG Sigml. Conditioners w i l l  be made up i n  a regu la r  c i r c u i t  - 
board configuration.  They w i l l  be placed i n  t h e  neurological  assembly and w i l l  
be used i n  conjunction wi th  t h e  EEG and E4G measurements. 

~honocardio~ram/~ibrocardio~ram. - A spec i a l l y  designed PCG/V~CG . s igna l  
condit ioner with an ove ra l l  frequency response of 0.1 t o  1,000 Xz i s  required. 
Four spec i f i c  frequency bands as l i s t e d  i n  t h e  Appendix A Measurement B t a  
Sheet a r e  required. Use of an ex i s t i ng  EEG s igna l  condi t ioner  modified f o r  
t h e  frequency response required w i l l  be invest igated.  

Blood Pressure. - This u n i t  w i l l  u t i l i z e  a small cuff p r o g r m e r  developed 
by Technology Incorporated, a Korotkoff sound f i l ter /ampl i f  i e r ,  and e l ec t ron i c  
c i r c u i t  boards t o  der ive  t h e  outputs f o r  t h e  s y s t o l i c  and d i a s t o l i c  pressure 
meters. An ex te rna l  a i r  supply w i l l  be provided. This system w i l l  be capable 
of measuring t h e  s y s t o l i c  and d i a s t o l i c  blood pressures  of a sub jec t  and of 
t ransmit t ing t he se  s i gna l s  t o  recording and d i sp lay  equipment. A d i sp lay  i s  
required f o r  s y s t o l i c  and d i a s t o l i c  blood pressures,  and audible  alarms w i l l  
be ac t iva ted  if predetermined upper o r  lower limits a r e  exceeded. This system 
i s  adjustable  t o  t ake  e i t h e r  a s ing le  s e t  c 9  readings a f t e r  manual ac t iva t ion ,  
o r  f o r  automatic per iodic  readings. Jf' automatic recycl ing i s  employed, t h e  
frequency of measurement w i l l  be once per  30 seconds. 

- The pulse wave ve loc i t y  ncomputerfl, contained i n  



the DPFI, mi s t  be capnblc of rlsic.; ---- r i t h  .r t h e  R--\I:Ivc of t h e  r e f e rence  ECC 
(preferred, b u t  n o t  :ilwriy:; n i i ? i l . : : ~ L ~ ~ )  o r  t h 2  C i r z t  h c n r t  soiuld t o  i n i t i a t e  
tile co::iputntfon, d rrrociii"ici"i S i r i ~ d ~ l i r : :  $io(:c:l 410 P1IV rr ,onitoring sy;ist~-i, i s  
r equ i r ed ,  I n  vicw of the c:ci:;tJin~; cqrii.,roversj. pr1r"cni n i n c  t o  t h e  exac t  opening 
mornelzt of  t h e  ser:ijl .\~~?~xr vrilvt:,; ~.cl .ntivci  t o  t,h(? il--4~nvo, as w c l l  o n  tho f z c t  
t11at the exnc t dis tslnce bi: i,wcc:n i;i~p;:(? :;c.rn ilunnr v:llve=! ei n.1 the  sei~c;ing pint, 
of the p e r i p h e r a l  pil lnc ~.~:Ivc c ? n  o1-11:r l ~ c  ne~silred by rnc.ans of n grnriuated K- 
ray-opaque c a t h e t e r  ~ ' l ~ i o r o s c o p i c  control, t h e  PWV computer w i l l  only 
measure the actual tr-risit time bet7;;cen eitdAler the R-wave or the first heart 
sound, and thc arrival of the corresponding pulse wave at the peripheral 
sensing point of the latter. A damped re3dout of this transit time shall be 
available on a digital readout at the PBTI;!. Since the peripheral pulse sensor 
may be placed as fzr from the heart as the left foot (for instance, when the 
subject is in the LB!JP device), an estimated distance of up to 1.8 meters, 
and assuming a minimum pulse wave vel-ocity of 5 m/sec, the expected ma- 
transit time to be measured may be as long as 400 milliseconds. 

Impedance Cardio~r~m. - One ZCG signal conditiorl7r consisting of a current 
source, a differential mplifier/detector, aA  ;5 andA ;5 amplifier, and a 
calibration module. The ZCG signal conditioners will be identical to those 
supplied by Spacelabs for Dr. Kubicekls experiments. 

Cardiotachometer. - The DPM will contain a cardiotachoneter circuit, which 
uses the ECG (~ead I or ~eference) or VCG (~ead X) signals to drive the heart 
rate meter on the front panel. The cardiotachometer must provide two 
different time-constants, 5 seconds and 15 seconds, selectable by means of 
a switch on the front panel. The longer time-constant is required to obtain 
a smoother meter readout during exercise. 

a Pneumotachometer. - B pneumotachometer circuit will be included, wkich 
uses the ZPN signal to drive the respiration rate meter on the front panel. A 
single, fixed time-constant of approximately 10 seconds appears adequate. 

E-DC Power Converter. - The CC-CC power cony~erter is the component of the 
bioinstrumentation system which delivers t10 and -10 volt power to each 
signal conditioner. It accepts the single-ended 16.8 volt (noniml) power 
available from the DRY and converts it to the isolated balanced supply 
required by the bioinstmentation system. The unit is hometically sealed 
and will be carried with the other components in the crewman's belt or vest. 
ELectronic operational characteristics will incorporate features for reverse 
polarity protection, load current limiting, and electrical isolation of the 
input and output, 

3.3.1.4 Vest and Wiring Earnesses. - 3ix vests and wiring harnesses are 
associated with the DPhl for Neurological Measurements, Gener'al Monitoring, 
Clinical ECG, Vectorcardiogram, Average Skin Temperature, and Impedance 
Cardiogram. The general configuration of tne vest and wiring harnesses will 
provide electrodes and transducers attachment to their appropriate location by 
means of double-backed adhesive tape, straps, or other holding methods. 
Adjustable torso vests, several of which are provided with pockets for the 
various signal conditioners (s/cs), cssist in positioning these electrodes by 
VZg6E%a af *&G&$e I%rpaadad & k W W 6 Q  5q %he@ C66ts. The w&ring harnesses 



provide the connection=: bct-i.~c~r,ri the clecirodcn anit tr:znsdrrcerc, the body-worn 
s igna l  co.:cEt,ioner=: ( i f  ;pjil i i: 3 i,l r l )  , :lnd th-: i:ni!i l i c n l  c.nb?e(s). The 
~uribilrlcal cable( s )  connect( s) ttii: ::i j ; r ? , l i  I c a d s  e i k n e r  to the P2i:4 corki;oie, 
cir d i s c c t l y  t o  the D f i l  rnodidiic, wlici; the lnttcr i s  used ELL u remote loca t ion ,  

Fow separate m b i l i c n l  ca1;lc nsnc::;l?lics will bn provided for the s i x  vest/  
,il wiring harnesses, ii~c umbil ice-1 covnt?ctor at, :,he v e ~ t / . ~ r i r i n g  h:lrnesse,; w i l l  

pick up s i g n i l  !.eads f o r  t he  p ~ r t i c u l a r  specsfied mettolzrements. Three of 
t h e  umbilical cable  assemblies w i l l  tnrminati3 i n  a multi-pin connector a t  
t h e  PBmi s t a t i o n  o r  w i l l  be mated t o  an i den t i ca l  multi-pin connector on t h e  
back of t he  DPM. The neurological  umbilical cable  w i l l  terminate i n  a 
separate  multi-pin connector a t  t h e  PBD4 s t a t i o n  and a t  t h e  back of t h e  DPM. 
The multi-pin connector p ins  w i l l  be i den t i f i ed  wi th  t he  s i gna l  l e ads  f r o n  
t h e  individual  ve s t/wiring harnessc s . 
Each low impedance s igna l  (da ta )  l i n e  w i l l  cons i s t  of twis ted pair conductors 
and each group of such l i n e s  w i l l  have an ove ra l l  common shie ld .  Each high 
impedance s igna l  (da ta )  l i n e  w i l l  cons i s t  of shielded twis ted p a i r  conductors. 
A separate  head-set/boom microphone combination f o r  t h e  intercommunication 
network w i l l  be provided t o  ca r ry  t h e  voice s i gna l s  between t h e  PBM and 
t h e  subject .  

Separate connectors w i l l  be provided on the  Sack of t h e  DPM. The following 
vests/wiring harnesses have been i den t i f i ed  t o  supply s i gna l  inpu ts  t o  t he  Dm: 

vest/Harness f o r  Neurological Measurements. - T h i s  i s  a c t u a l l y  a holding 
device, cons i s t ing  of ad jus tab le  s t r aps  i n  a "bathing cap1 configuration,  

a which suppl ies  support, posi t ioning,  and attachment of f o u r  EXG, f o u r  EOG, 
two neck muscle EYG, and one common ground electrode.  The following a c t i v e  
EFG elect rode pos i t ions ,  based on "The Ten-Twenty Electrode System of t h e  
In te rna t iona l  kederatiohlt must be possible: F3, C 3  o r  T3, and 01, or F4, 
C4 o r  PA, and 02. The common ground electrode w i l l  be loca ted  on t h e  forehead. 
The two E24G elect rodes  would allow placement on e i t h e r  t h e  Sternocleidomastodeus 
o r  t h e  Splenius c a p i t i s .  

Since t h e  above neuroe lec t r i c  s i gna l s  w i l l  be recorded p r inc ipa l l y  f o r  s leep  
analysis ,  t n e  f i v e  s igna l  condi t ioners  a r e  t o  be mounted i n  a smll box, t o  be 
loca ted  near t he  head of t h e  sleeping subject. A three-foot umbilical  w i l l  
connect t he  head device t o  t h i s  S/C box, which, i n  t u r n  w i l l  be connected t o  
t h e  PBDM o r  DPM s t a t i o n  wi th  a 15-foot multi-conductor cable. These s igna l  
condi t ioners  w i l l  be made up i n  regular  c i r c u i t  board configuration.  P a r a l l e l  
inpu ts  from two separate  s e t s  of jacks (onz f o r  100 microvolts  f o r  EEG and EOG, 
and one f o r  1 n i l l i v o l t  f o r  DIG) must be provided on t'ne box containing t h e  
S/CS, t o  allow c a l i b r a t i o n  by means of the  por table  Ca l ib ra t ion  U n i t  without 
i n t e r rup t i ng  t he  recording of t h e  s i g i d s .  

vest/Harness f o r  General Monitoring. - This vest/harness combination 
contains  provisions f o r  t h e  simultaneous monitoring of a reference ECG ( e i t h e r  
s t e r n a l  l eads  o r  a x i l l a r y  l eads ,  but not both l e ads  simultaneously), PCG/V%CG, 
ZPN, e a r  canal  temperature, and blood pressure. Also Pulse Wave Contou  may be 
oblained. 



The signal conditio;lers f o r  ,~ l l  blit blood prcssl;re s h a l l  bc worn i n  crr.zll 
pockets on thc vest. Thc stcl-n-il zCG electrodes can be integrateci i n t o  the 
bas ic  h;i,onitoring vcct/iinr~:oss co,;birL:~tln::s,  S;/-l;'c(,~r:$ %ha nxc2st;re~ben:, a f  b lood 
pressures i s  incluilcd, the spl?yl:niollm~~o:nc?ter cuff plus rricrophone can be separated 
Lurom t h i s  vest/hnrncss. B mcci~nnicnl tclescopini: o r  hinged arrange::ent w i l l  
be used t o  iniilimizc t h e  effect  th-it an osc i l la t ing  a i r  supply l i n e  has on blood 
pressure meas~xrernent,s. n e x i b l c  co~lp l in i :~  w i l l  be used a t  both te rx ina l  
locat ions - DP;I back p:iuel, and at the sphyPomanometer cuff. Internal  
d is t r ibut ion  of the a i r  supply inta1:c and oiitplzt w i l l  be accernplished witn 
hardline plumbing. An a i r  input supply l i n e  w i l l  be supplied t o  connect t o  
an input port  of the blood pressure progrnlrinler within the DP1.I. The DPM w i l l  
provide a su i tab le  quick disconnect f i t t i n z  on t h e  back of the panel to  accom- 
modate t h i s  input l i ne .  An output quick disconnect f i t t i n g  w i l l  be provided 
on the  back of the  DPM panel t o  l i n k  the a i r  output t o  the subjec t ' s  cuff. 
Suitable plumbing w i l l  be provided t o  lead the a i r  output t o  the subject. A 
disconnect f i t t i n g  must be provided a t  the subject t o  connect the a i r  output. 

When the  DPM i s  used i n  the remote operation, an a i r  supply w i l l  be provided 
t h a t  w i l l  connect d i r ec t ly  t o  the programmer within the DPM. The output 
connector w i l l  be t i e d  t o  the subject through su i tab le  f l ex ib le  coupling. 

In addition t o  such items a s  the cuff pressure programer and the Kbrotkoff 
sound f i l ter/amplif  i e r ,  the electronic  c i r c u i t  board( s ) w i l l  be located 
i n  the  DPM t o  derive the  outputs f o r  the  sys to l ic  and d ia s to l i c  pressure 
meters. 

Provisions must be made t o  a t tach  the photoelectric Pulse Wave Contour pickup 
t o  this vest/harness. The leads t o  and from t h i s  sensor must be long enough 

8 t o  allow placement on a f inger  of the  l e f t  hand, o r  on the l e f t  foot. In 
e i t h e r  case, the  leads  w i l l  be taped onto the  subjec t ' s  arm o r  leg,  respectively. 

~ e s t / ~ a r n e s s  f o r  the Clinical  ECG. - I% i s  required t o  switch t o  seven 
d i f fe rent  basic lead  posit ions when conducting c l i n i c a l  ECG measurements. 
The switch and s ignal  conditioning c i r c u i t  board w i l l  be in s t a l l ed  within the  
DPM module. The ves t  w i l l  only provide support f o r  the  wiring harness and 
the  umbilical connector. A precordial  electrode w i l . 1  be provided which w i l l  
be a standard suction cup electrode with squeeze bulb. 

Vest/Harness f o r  the Vectorcardiogram. - The three  S/Cs, the  Frank r e s i s t o r  
network, the ca l ibra t ion  u n i t  and other per t inent  sub-modules, w i l l  be worn 
on the  body i n  small pockets on the vest. Activation of the ca l ibra t ion  uni t ,  
which i s  t o  provide the  ca l ibra t ion  signal simultaneously t o  a l l  three S/CS, 
i s  t o  be accomplished by means of a remote control button located on the DPM 
f r o n t  panel. The Frank network requires 13 precision r e s i s to r s ,  two of which 
have a value R, while the other r e s i s to r s  a r e  decirral multiples thereof. The 
value of R, which determines the  en t i r e  inpedance l eve l  of the  network, should 
be as high a s  possible,  without seriously degrading 60 Hz CEfR. A value of R = 
50,000 Ohms i s  recommended. T h i s  vest/harness w i l l  a l s o  have provisions 
for the  P C G / W G  and the ZPN, which parameters have t o  be recorded simultaneously 
with the  three VGG signals. 



AVP?*~I?C S'ri :I ' T ~ y v - q " ?  --- ti1r0 * - This ves t /hnrness  coaSii?ntion 
p rov ides  atC;ic,iriic.nt of  iin to 1 2  ,'1:i n L i  ;rcrei t i r rmr )  Ynnsorc -it vr i r ior~s  body 
l o c a t i o n s ,  Tile te;npcrncurl? :tt c'::2h ioc-~ i io r i  g i l l  be  treighieci by a f ~ c t o r  
s p e c i f i c  f o r  that  l o c ~ t i o n ,  Tilt: I !cc~: ; s : I~J~  ~il;i1:11 e o n d i t i o n e r z  w i l l  be  body 
worn on bhe v e s t  and ticigiltin:: rnorii*ie, s o  t h n t  :I s i n g l e  oiltput, r e p r e s e n t i n g  
t h e  averago slcin trri;pern tiu-e, t r i l l  bc: : i v , i i l * ~ b l e .  Sp? c d a b s ,  14odel 401, Sody 
Tempemt~rre Probes t r i l l  bc uscci as  thii s c n s i r ~ g  e le i i~cnts ,  

~ e s  t /~e r l~a ; s  for the Impc(i.noc C r c  i n .  - 4.l. though ac tua l l y  providing 
a derived d i sp lay  output f o r  t h e  Vascular  1gnarr;ics panel, t h i s  assembly has 
one readout, theAZ impedarico c a r d i o ~ r a ~ x  signal, on t h e  DPM c a l i b r a t i o n  scope 
and ge t s  i t s  power from the  DPbI. The ZCG w i l l  be obtained wi th  body-worn 
band e lect rodes  and S/CS. The PCG/VW;G and t h e  ZR: w i l l  be acquired sim~iL- 
taneously ,with t h e  ZCG. A l l  output s igna l s  from t h i s  ves t//harness, including 
AZ andAZ, w i l l  be ava i lab le  a t  t h e  multi-pin output connector a t  t h e  back 
of t h e  UPM module. A separate  s i gna l  ground, coinpletely i s o l a t e d  from t h e  
chass i s  and t h e  AC ground, inust be used throughout t h e  DPM and i ts  assoc ia ted  
equipment. T h i s  ground s h a l l  be ava i lab le  a t  t he  DPM s igna l  output connector. 

3.3.1.5 Display and Controls. - Tho f ron t  panel layout  of t h e  DP14 (See 
Figure 2 ) contains the  following lna j o r  components: 

o An ins t runen ta t ion  c a l i b r a t i o n  scope; 

o An ECG Se lec t  r o t a ry  switch; 

o A Sensor Se lec t  r o t a r y  switch; 

o An alarm r e s e t  r o t a r y  switch; 

o A row of individual  ga in  ad justnents; 

o Four dual  analog meters wi th  threshold alarm l i g h t s ;  . 

o A ro t a ry  s e l ec t i on  switch f o r  e a r  o r  averege sk in  temperature, p lu s  
. a c a l i b r a t i o n  posi t ion;  

o A ro t a ry  s e l ec t i on  switch f o r  manual o r  automatic blood pressure  
measurements, p lus  a c a l i b r a t i o n  posit ion;  

o A cardiotachometer.time - constant  s e l ec to r  switch 

o A VCG c a l i b r a t e  button 

o Standard Lead button 

The ECG Se lec t  and Sensor Se l ec t  switches &'low the  wavefom of t he  se lec ted  
lead o r  'cransdacer t o  be displayed on t h e  Instrumentation Ca l ib ra t ion  Scope. 
By means of t he  individual  ga in  controls ,  t h e  amplitude of these  s i gna l s  can 

t e l y  ca l ib ra ted  on this scope t o  ensure r e l i a b l e  operation of t h e  



Fig. 2 Dynamic Physiological Monitor 



a p p r o p r i a t e  pracessini: nncl/or r*('6~i-l~iit el_cctror~icn witthin the Dl?>:, T h i s  
c a l i b r a t i o n  s i i ~ i r r l  t~ncoizsly provicies :;if;r,:~i ou l y j i i i n  of 3t:lndardized amplitudes 
at t h e  back p:rrteL of Ihe Lk'i! for* L"ul~tltes- procc:;zi;ig by the U4S,  

The two parameters  d i sp layed  on each of  t h e  four dlinl pa2eL meters ,  s h a r e  a 
s i n g l e  v i s u a l  alrLrm, The upper a n d  lowcr thresholds a t  which t h e s e  l i g h t s  
are a c t i v a t e d ,  2 r e  programmed i r r to  the CXS co:np~zter, I% a  t h r e s h o l d  i s  
exceeded, t h e  cornpllter sends u. 1-5 volt square-wave pulse  back t o  the  D?21.1, 
which s igna l  a c t i v a t e s  the  appropr ia te  a l a ~ ~ .  

The f l a sh ing  alarm l i g h t s  w i l l  s t a y  on u n t i l  s igna l  r e tu rns  t o  normal, and t h e  
e r r o r  voltage i s  removed from the  l i n e .  Activation of any of t h e  v i sua l  alarms 
w i l l  simultaneously sound an aud i to ry  alarm ( sona l e r t ) ,  loca ted  under 
t he  top cover of t h e  DPM. The audi tory  alarm sound l e v e l  may be regulated and 
may be turned o f f  separately,  i f  des i red.  If another out-of-limit condi t ion 
occurs on t h e  o the r  s ignals ,  t he  aud i to ry  alarm w i l l  be react ivated.  The 
Data Management Subsystem w i l l  provide alarm t r i gge r  and r e s e t  l e v e l s  t o  i nd i ca t e  
start and end of alarm s i tua t ions .  A co~mon lead  and ind iv idua l  l e ads  f o r  
each lamp w i l l  be provided a t  a r e a r  DFlY connector wi th  i n t e r n a l  in terconnect ion 
f o r  t h e  audio por t ion  of the  c i r c u i t r y .  

The Leads I, 11, and I11 pos i t ions  of the  ECG Select  switch w i l l  a l s o  be 
used t o  display t h e  X, Y, o r  Z l eads ,  respect ively ,  of t h e  vectorcardiogram. 
The Lead I pos i t i on  w i l l  f u r t h e r  be used f o r  t he  d i sp lay  of e i t h e r  t h e  
s t e r n a l  o r  a x i l l a r y  reference ECG from t h e  monitoring vest/harness. The DPM 
disp lay  and con t ro l  panel  w i l l  be l im i t ed  t o  a f r o n t a l  a r e a  of % x %. An 
upper por t ion % in .  x 7k in .  w i l l  be reserved f o r  d i sp lay  of designated 
physiological  s ignals .  A lower por t ion  5k$ in .  x in .  w i l l  be reserved 
f o r  a simulated tape recorder con t ro l  panel. (See Figure 2 ) The tape  
recorder  d i sp lay  sec t ion  w i l l  cons i s t  of a s t r u c t u r a l  s h e l l  a t t ached  t o  t h e  
rrPM upper s t ruc ture .  Front and r e a r  close-out panels must be provided. The 
lower s t r u c t u r a l  s h e l l  may be used t o  house CC power regu la t ion  modules and 
w i l l  be used t o  mount an audio amp l i f i e r  f o r  t h e  microphone, headset combination. 
Meter d isplays  required f o r  t h e  DPM w i l l  be e igh t  s i ng l e  ver-tiical meters, Weston 
meter, 121. 

3.3.1.6 Calibration.  - A l l  DPM measurements w i l l  be ca l i b r a t ed  before and 
a f t e r  each t e s t .  Cer ta in  measurements w i l l  be ca l ib ra ted  during t h e  t e s t  runs. 
A c a l i b r a t i o n  osci l loscope with stepwise gain  con t ro l  ( .l, .2, .5, 1.0, 2.0, 
5.0, o r  10.0 ~ / c m  s e n s i t i v i t y )  w i l l  be i n s t a l l e d  on t h e  DPM t o  view various 
outputs  and t o  provide a q u a l i t a t i v e  ca l i b r a t i on  check wi th in  t 1% of the  
measured value. The ca l i b r a t i on  osci l loscope w i l l  be used f o r  c a l i b r a t i ons  
such as: ECG, VCG, PCG/V~CG, A r t e r i a l  Pulse Contour, ZCG and ZPN. Q u a l i t a t i v e  
c a l i b r a t i o n  checks w i l l  be accomplished by applying a c a l i b r a t i o n  vol tage t o  
t h e  inpu t  of each s igna l  condi t ioner  and observing t h e  output on t h e  oscil loscope.  
This w i l l  be done by a por table  s i gna l  generator that can be t ranspor ted t o  
t h e  l oca t i on  of t h e  s igna l  condit ioners.  Ekceptions t o  this are:  ( 1 )  
requirement t g  provide a separate  s i gna l  generator i n  t he  DPM f o r  t he  c l i n i c a l  
ECG and ( 2 )  self-contained c a l i b r a t i o n  u n i t  i n  t he  VCG S/C operated remotely 
by a c a l i b r a t i o n  button on t he  DPM, (3)  self-contained c a l i b r a t i o n  c i r c u i t r y  
i n  t h e  ZCG S/C. 



In addition to the qu~litntivri c~YLit)r~ t i o n  ch-ck with the ioDP:,I osci1lor;cop~ 
n. quanti t~ L i v e  c n l  i br 1 it ion prc-ic.r-i;~ir~ ~i li be 1-01 lowe(1, This v z i  i l l  Ile ~ ; e r f o m e d  
by recording the calibrnteci si :rr.sls n t tikc 011 tpizt of the r~essurernent ss;i-sten 
on a) t11e penwriters, b) the a:~.!loi: 7r1(l d i g i l o l  tCtpe recorder, Thus, sjrstea 
accuracy can be ,?ssclsr,eti qi~:!'~tit,::l~i-~el;i nr.rl thc calibrated si~nal:: coinpared 
directly with the rccorclecl bios i~;ii-il s, C,alibration si[;r:al requirecents are 
listed in the Section IIID Appendix. 

3.3.1.7 Tower ~e~uirenents/~~;.~. - The DPM requires 115v, 60 Hz, and 28 
VDC regulated power. The DF1.I will receive its power from an ungrounded 
volts M; supply. Chassis gro~md to the AC ground is provided. rFurther 
conversion, regulation, reverse polarity protection (if required), load 
current limiting (if required), and distribution for the operation of all 
electronics within the DPiI nodule, as well as for the operation of the body-worn 
signal conditioners and certain transducers, are to be provided within the 
DPM and/or in the body-worn E/E converters. In the PBOM station operational 
mode, the DPM chassis will be grounded through the AC power connector. The 
28 v CC input line will be tied to an isolated signal ground and DPM internal 
signal lesd routing should be connected to this line. In the remote operating 
mode, provisions will be made to interconnect the AC power line ground with 
the 28 v CC line. 



k * L l  . - 
The Dynamic PhysfolsgicaL M o ~ F t o r  S~bsystem w i l l  be designed to  measure and 

display the majcrrity of the FBB physiological data. The DPM subsystem w i l l  incor- 
porate space-oriented equipment wherever p rac t i ca l  and commercial equipment used 
w i l l  be selected primarily on the basis  of compact s ize,  principles of operation, 
and adaptabi l i ty  t o  space requirements, 

4.1.2 Design Concept. - 
The DPM subsystem consists of a portable processing,display modtcle, s i x  man- 

)lorn measurement systems, a blood pressure measurement system, and provisions f o r  
oonnections t o  a communication system. The measurement harnesses a re  t o  be worn 
one a t  a time with the exception of the neurological and monitoring harnesses 
which may be used simultaneously. The comunication system i s  in t eg ra l  with all. 
harnesses except the  neurological. 

Signals are  sent from variously configured body sensors, through conditioning 
modules ( i n  most cases man-worn), t o  the  DPM. The DPM w i l l  provide s ignal  outputs 
t o  the DMS f o r  f'urther data  handling. 

4.2 Block Diagrams 

4.2.1 Equipment Elements. - 
The DPM Subsystem consists of; Electrodes, Sensors, Signal Conditioners, Body 

Vests, and Wiring Harnesses, Display and Controls, Calibration Scope, and A l a r m  
System. The six vests  and wiring harnesses a r e  associated with the  DPM f o r  
Neurological Measurements, General Monitoring, Cl inical  ECG, Vectorcardiogram, 
Average Skin Temperature, and Impedance Cardiogram. The general configuration 
of the  vest and wiring harnesses w i l l  provide electrodes and transducers attach- 
ment t o  t h e i r  appropriate location on the  body. Umbilical cable assemblies w i l l  
be provided t o  interface with the l?BDM when the DPM is  ins ta l led  a t  the Stat ion 
or d i r e c t l y  t o  the  DPM when it is  used i n  a remote location. 

Figure 3 i l l u s t r a t e s  the system equipment and the  interrelat ionship between 
s ignal  input, PBDM Stat ion,  DPM Display and Control Monitor, and the DMS. When 
i n  place i n  the PBDM console, the DPM receives a l l  input data  from the console 
I/O panel. Power is  supplied t o  the measureme.lt harnesses v i a  the console 110 
panel and DPM from the  switching matrix 110 panel. The input da ta  from the 
harnesses is received by the  DPM from the  console I ~ O  panel, processed, and sent 
t o  Data Management v i a  the  switching matrix I/O panel f o r  computation and/or 
display. In  the remote mode the  DPM i s  connec-ced d i rec t ly  t o  the  measurement 
harnesses v i a  a i5 foot cable. There is  no connection between the DPM and Data 
Management i n  t h i s  mode. A 1 1  processing and display i s  hanclbed within the  DPM. 
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4.2.l.1 System Operation. - The D m  has f ive  bas ic  functions,  as i l l u s t r a t e d  
i n  P Q u e  jk-; Meter. Display, Scope Display, A l a m  Trmsmi t ta l ,  S i g n d  Proeessirg 
an(% Power Conversion, The bu f f e r  m p l i f i e s s  receive  t h e  following s i g n a l s  for 
display on t he  DPlvI scope : EEG 1 & 2,  E0G v 8; h, EMG, K Somd, Beast Sound, DJC,  
Za ( Le) z), ZPN, and ECG X, Y a d  Z. 

The buffered PCG s ignal  is fed through the Frequency Select Network and is  
divided in to  four frequency bands which are  individually fed t o  the  oscilloscope. 
The 29N signal  i s  routed t o  the pneumotachometer which drives the sys to l i c  and 
d ia s to l i c  meters i n  the DPM. The pneumotachometer output a lso goes t o  the DMS. 
Su i t  pressure, flow/and p a r t i a l  C02 pressure s ignals  a r e  received from the DMS 
and sent  d i r ec t ly  t o  t h e i r  respective display meters. The ZCG outputs are  sent  
t o  the  DMS unbuffered. The PWI computer receives the  buffered PP and ECG signals. 
The PWI output goes t o  t h e  DMS. The blood pressure regulator receives pneumatic 
input from the PBDM and transforms it in to  a pressure prof i le  f o r  the  man-worn 
buff. The ECG signals  from the harness is routed v ia  the ECG amplifier i n  the 
&M t o  the  cardiotachometer. The output of t h e  cardiotach is  displayed on the  I 

DPM scope and is also sent  t o  the  DMS. 

The K o r o t W  ( K )  sound s ignal  is displayed on the  D?M scope. It i s  a lso  
sent  t o  the  blood pressure processor. The blood pressure processor receives the  
amplified K sound s ignal  and the  cuff-mounted pressure transducer signal. The 
blood pressure processor outputs drive the d ia s to l i c  and sys to l ic  meters and a r e  
a l so  sent  t o  the DMS. The a1.0.m signals  a re  received from the DMS and are  routed 

- through triggering c i r c u i t s  t o  the  audio and v isua l  alarm devices. 

The average skin temperature and the ear  canal t,ctrnp~?ratlare s ignals  a r e  
routed t o  the  normalizing network and then displayed a l te rna te ly  on the tempera- 
ture  meter. Both s ignals  a r e  a l so  sent t o  the DMS unmodified. 

When activated, the VCG/ZCG CAL button on t h e  DPM front  panel connects a 
10 vo l t  s ignal  from the DC-DC converter i n  the measurement harness t o  the  man- 
worn cal ibrat ion module f o r  act ivat ion of the cal ibrat ion signal. 

28 vdc and 115 vac 60 Hz a re  supplied t o  the  DPM from the  PBDM. The power 
conversion c i r cu i t ry  supplies isolated d.c. voltages as  required by the  DPM. 
The DPM scope operates on 115 vac. 

28 vdc is  supplied t o  the  DC-DC converter No. 104689. 16.8 (nominal) vdc 
is derived from the  28 vdc and supplied t o  the DC-DC converter No. 104840. 

4.2.1.2 Neurological Harness. - The neurological harness shown i n  Figure 5 
will be used f o r  EEG, EOG and EMG. The s ignal  conditioners, d.c. power and 
ca l ibra te  c i r cu i t s  a re  housed i n  a wall-mounted box connected t o  the subject by 
a three  foot  cable. The electrodes w i l l  be contained i n  a "cap" worn by the subject. 

. This harness m a y  be worn with the  monitoring harness. Positioning of the  electrodes 
is in cacc~rdance with the  Ten-Twenty Electrode System. The following meascements 
const i tute  the neurological harness. Power f o r  these measurements is  derived from 
the  DC -DC converter . 

* 
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The EaEG measuement uses fom active and. one grouind eLec.trode located in 
aeeosdarace w i t h  the Ten-Wenty Electmde Syskem and. "cwo FEC s / e  ks. 

The EOG r~easurement is taken with f o u  active electrodes and one g;-ound 
electrode located horizontally and ve r t i ca l ly  about the eyes. The signals 
a re  conditioned by two ENG s/'c 's. 

An ECG s/c i s  used i n  conjunction with two active electrodes, located 
e i the r  on the sternocleidomastoideus o r  on the  splenius, a=d one ground 
electrode. 

't 4.2.1.3 Basic Monitoring Harness. - Figure 6 shows the  measurement sensors 
and s ignal  conditioners. The a r t e r i a l  pulse wave shape is  displayed on the DPM 
scope. The YWC sensor can be worn e i ther  on the  l e f t  hand o r  the  l e f t  foot. A 
man-worn amplifier is used i n  conjunction with the sensor. The PWC s ignal  a l so  
is  used t o  derive the FVI measurement. Body temperature i s  measured by an ear 
temperature sensor (LNSC) and conditioned by the man-worn ear  temperature SIC. 
This s ignal  i s  displayed on the  temperature meter at. the  DPM. A three electrode 

- configuration, one ground and two active,  with an ECG s/c a re  used t o  record a 
s ingle lead ECG, heart  ra te ,  and t o  compute pulse wave t r a n s i t  time. The 
Korot'koff microphone and s: c are  used i n  conjunction with the servo-regulated 
cuff and programer system t o  derive d ias to l ic  and sys to l ic  B.P. The waveforms 
derived from the  Korotkoff sound microphone are  displayed on the  DPM scope. The 
DC-DC converter converts the  28 vdc input t o  a regulated + 10 vdc and an unregulated - 
10 vdc required f o r  actuation of the  cal ibrat ion signals. 

4.2.1.4 Clinical  ECG Measurement. - The c l in ica l  ECG, o r  standard linjb lead 
harness, consists offbur electrodes located on the extremities and one precordial 
suction cup electrode from which the  12 c l i n i c a l  ECG leads may be obtained. Signal 
conditioning is done in the DPM. (see Figure 7). 

- 
4.2.1.5 Vectorcardiogram. - This measurement, shown on Figure 8, consists of 

seven act ive electrodes and one ground electrode located as  required by the Frank 
Lead System. Power is  supplied by the DC-DC converter S.I .  #lo4689 t o  the  ECG X, 
Y, & Z s/c's and FLN s/c. Calibration is accomplished with the  ca l ibra te  module 
via a pushbutton on the  DF'M f ront  panel. 

Signals from the electrodes are  weighted i n  the FLN s/c .  The weighted signals 
are amplified i n  the  three ECG s/c 's (x, Y, & Z )  . 

The PCG measurement consists of a heart  sound microphone, a PCG s /c  ar.6 a . 
frequency se lec t  switch at the DPM. The PCG measurement is par t  of the VCG, the 
monitoring and the impedance cardiogram harnesses. 









A %m s / e  and t w o  electrodes w e  used to record respi ra tsq  wcavefsm md 
derived respirat ion r a t e .  The former will be displayed on the  DPM scope and the 
la"cer on the DPM respirat ion s a t e  meter. %'his measwemenl is  d s o  used with the 
moni%oring system, a 

4.2.3.6 Impedance Cardiogram (ZCG) . - The ZCG i s  derived from the outputs 
of two excitation and two sensing band e l e c t r ~ ~ e s .  The ZCG measurement systez 
shmn i n  Figure 3 zonsists of the  following s /c 's :  Current Source S.C., OZ,AZ,S.C., 
Calibrate S.C., Different ial  Ampli2ier and Detector, DC-DC Converter, and Phono- 
cardiogram S.C. and Phonotransducer. Measurement of the  transthoracic impedance 
is accomplished by detecting voltage changes which by v i r tue  of the  constant 
current a re  proportional t o  thoracic impedance changes. 

4.2.1.7 Average Skin Temperature. - The average skin temperature is derived 
f rom I2 thermistors located at 12 d i f fe rent  positions on the body. These twelve 

I 

signals  as shown i n  Figure 10 are weighted i n  the weighting module, amplified, and ' the summation is sent  t o  the DPM. A DC-DC converter Model #lo4840 is used i n  con- ' 
junction with t h i s  measurement system. 
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SECTION 111-D 

PPE1J D I X  

mASUmvmTiT REQIJIm'mdTS MTA SIiEETS 

Measurement Requirements Iktta Sheets kc.ve been prepared f o r  t h e  
13 measurements included under t he  Dynamic Physiological  Monitor 
Subsystem. a - t a  includes input/output c h a r a c t e r i s t i c s ,  and general  
datn ,handl ing requirements. 

Measurement 
d 

EEG 
EOI; 
E!G 
C l in i ca l  EGG 
VC G 
PCG/V~CG , 

ZCG 
ZPN 
Pulse Wave Contour (PFJC) 
Body ( ~ r  canal)  Temperature 
Average Skin Temperature 
Reference ECG 
A r t e r i a l  Blood Pressure 



E l f e  Lrocnccy h n l  onrn:n (XG) 

ti3ASUP&>ZNT DE;CFUPTIOiJ : Obtain t,vo channels of EZG f o r  s leqp,  l e v e l  of consc iouz r ,~~  
o r  clinical monitorinc, using any two of the following elel 

* trade combina-t;ionn: F3 - T3, F3 - C 3 ,  P3 - 01, F4 - (24, C 4  
02. 

1. I q u t  s i gna l  c h a r a c t e r i s t i c s  Bi-phasic, random waveform, 0 - 200 microvolts 
pea k-to-peak, 

2. El5ctrodes, transducers, ves t ,  Four active and one comTon ground Ag - A g a  re-me 
harness nble  e lect rodes  with ad jus tab le  holding s t raps ,  o r  

Aday-Kado e lec t rodes  p l u s  bathing cap holding d e l i  
Seo l oca t i on  diagram 111-D-5A 

3. Signal condit ioner ( s )  Two EEG S/C; c i r c u i t  board configuration,  

4. Range of  measurement 

5, Frequency of measurement Approx. once p e r  1 - 2 weeks. 

6. Output s i gna l  cha rac t e r i s t i c s  

amplitude 

Analog waveform 

0 - 5 volts 

frequency range 0.2 - 100 Hz 

a c c ~ ~ r a c ~ r / s e n ~ i t i v i t . ~  A 5 % of true waveform 

9. C a l i b ~ a t i o n  

tme & tecbanique 100 microvolts square wave pulse; manual. 

frequency At beginning and end of each run, and appraximlej 
once per hous during run, 



display znolo~/rijFi?-a2 (ra::, J ? ; ~ V ~  ann?.o~, con t im iouz  on Lii'li; mu, analog, cont- 
~ ~ O C ~ S S C ~ ;  h c A l ,  StSTs~o LC; i i luol ls on ilisplnjr ;~!onitcl~, 
c o n t i i ~ u o u s ~  i r , t c rn i  t t c n t )  

recordi  ng an?90G/di~t31 ROI-J~ digitizt:d, conlbi~lous,  
( r a~ r ,  proccr; s ~ d ;  cor~Clriuous, 
i n t e r n i t  t e n t )  

m a n ~ a l / ~ r o ~ ~ a ~ r ~ e d  A or I) Signal roiitinq and lead idcn t i f i ca t io r  programed. 
switching 

manual/verbal data entry Subject ident i f ica t ion  and measurement .number. 

A/D corn-ersion frequency 2500 bps, 

storage time a;lalog/digital Digitized till next data  d m .  

recording/storace quant i ty  10 hours per subject. See # 13. 
per  subject  

9 ,  Derived quant i t ies  

other  measurements required N/A 
sinrultaneously f o r  calculat-  
ions 

a' d i g i t a l  computation N/A 

display analog/digital; loc- N/A ' 

ation; updating frequency 

recording analog/dieital N/A 

storage time analog/digital  N/A 

\ 

' 10. Comparison with previous data N/A 

XI.. Analog/diEital display rnnga & N/A 
resolution/accuracy 

12. Printout freqyency & other re- N/A 

* 



Recording sequence: srrbj ec t, ir,r::l:;irA-t,nen t ,  nnd load i d e n - & i f i c a l i o n ;  calibs%tltsrn 
pulses,  digi l i z e d  b ~ ~ ~ v e f o r r n ~  c a l i b r : ~  l i o n  prilse;, 

For Lab. Verif .  record  ana log  on pen r eco rde r ,  

For s l e e p  a n a l y s i s  t h e  S / C S  a r e  t o  bc mounted i n  separate  box, together  wi th  those 
f o r  t h e  ENG and D I G  s / c ~ ,  nea r  head-snd of bed o r  couch. 

EEG, ENG, and &YG a r e  t o  be recorded simultaneously when used f o r  s l e ep  analysis .  

The designation of t h e  EXG e lect rode pos i t ions  i s  i n  accordance with t h e  Ten- 
Twenty-Electrode System of t h e  In te rna t iona l  Federation (of Electro-Encephalo- 
graphers ) . 
P a r a l l e l  s/C inpu t  terminals a r e  required on t h e  box f o r  ex te rna l  calLbration by 
menB of t h e  por table  Cal ibra t ion U n l t .  



A single  plane projection of tho head, showing a l l  standard posi t ions 
f o r  EEG electrodes and Vne locat ion of the Rolandic and Sylvian f issures ,  
The outer  c i r c l e  was dram a t  the l e v e l  of the nasion and inion, The in- 
ner c i r c l e  represents the tcxiporal l i n e  of electrodes, The doubly c i rc led  
electrodes a re  those most l i k e l y  t o  be used f o r  EEG sleep analysis. Posi- 
t i o n  Cg may be used instead of T3. 



BFASUX; 'vII'I' It!+:~~~JIRi~:,'~EX'S DATA S X E T  

Sm3-SYSTEF.1 Eaynardc P&c;iological i4onitor 

kEASUiG>Z,NZ' GROUP : ~ ~ e u r s o l a ~ i c n L  

b.iSASUE;.ENT DZSCRIPTIOW : O b t ~ i n  horizonLaP arxi ve r t i ca l  RC)G during EEC sleep anal- 
y s i s  fo r  rapid c fe movement (%'.I) recording. 

1, Input s ignal  charac ter i s t ics  Bi-phasic, random waveform, 0 - 100 microvolts 
peak-to-peak. 

, 2. Electrodes, transducers, vest, Four active and one coxmon ground Ag - AgCl 
harness rcuseablc electrodes. A l ight-weight 'face mask may 

be required t o  prevent dislodgirg the  electrodes. 
ElecLro3es are placed a t  outer canthi  of both eyes, 
and above and below the l e f t  eye; ground electrode 
on forehead. 

3. Signal conditioner(s) Two EOG S/C; 
c i r c u i t  board configuration, 

4. Range o f  measurement 

5. Frequency of measurement 

6 .  Output s ignal  charac ter i s t ics  

Approx. once per  1 - 2. weeks. 

analog/digital  Analog waveform. See #' U. 

amplitude . 0 - 5 vo l t s  

frequency range 

accuracy/sens itivity No wavef6m 

7 e  Calibration 

analysis  required, See # 13. 

%me & tec2anique LOO mfcrovolt square wave pulse; manual. 

Frequency A t  bcginnrln~ and end of each m n )  and appmx, once 
per h o w  during m, 



r e e o r d i i ~ g  3rd 1oi3;/ci i,nj.tal i i n ~ . ~ ,  d i g i t i z e d ,  con.";inuous, 
(raw, procczscd; continnous, 
in termit tent)  

m n ~ a l / ~ r o ~ r a l r s n e d  A or  D S i g n a l  routing and lead iden t i f i ca t ion  programed. 
switching 

manual/verbal data en t ry  Subject i den t i f i ca t ion  and rneasurenent.nwnber. 

A/D corn-ersion frequency 2500 bps. 

storage time amlog /d ig i t a l  Digitized, till next data dump. 

recording/storage quant i ty  3.0 hours per  subject ,  See # 13, 
per subject  

9 .  Derived quant i t i es  

other measurements required M/A 
sirr.ultaneous3.y f o r  calculat-  
ions  

9,. - d i g i t a l  c o n p t a t i o n  N/A 

d i ~ l a y  analog/digital; loc- N/A' 
ation; updating frequency 

recording analog/digital  N/A 

storage time analog/digital  N/A 

10. Coxgarison with previous data N/A 
'. 

ll. ~ n a l o d d i ~ i t a l  d i sp lay  range & N/A 
resolution/accuracy 

12. Printout frequency & other  re- N/A 
erents 



13, i.;iscall;inoous i n fo rma t ion ,  il.:toils on rofaronccd itcms, eke, 

Recording sequence: same 8s for EEG, 

For Lab, Verif ,  record an;ibog on pen recorder, 

For s leep  an3lysi.s S / C S  arc t o  be ri.,o~mtcc? in s e p r a t e  box, t o g s t h e r  w i t h  those for 
%he EEG and t h e  nlrchal E X G 9  n e a r  hena-end of bed or couch, 

ENG, EEG, and WG a r e  t o  be recorded simul:laneously. 

P a r a l l e l  S/C input  terminals a r e  required on t h e  box f o r  exterrlal calibration by 
means of t h e  por table  Cal ibra t ion Unit. 



mASUztiE21T :: Electr   om:^-oi;rnm (MuchaE EX) 

IEASU2Ei.3:IT DESC3IPTLON : 01, Lain ono chnnriql. of neck muscle EilG, fron 3 t en .oc lo ido-  
mastoidcun o r  Y,plenius cap i t i s  d u r i n g  EEG s l e e p  anaPjsis fc: 

* recording of ,gross body movement and restlessriess during 
sleep, 

1, Irrput s ignal  c&rac te r i s t i c s  Bi-p!iasic, random waveform, 0 - 1000 microvolts* 
peak-to-peak, 

2. Electrodes, tp~hsducers,  vest ,  h ~ o  active and ozie g r a n d  AG - AgCl reguseable O r  

harness disposable electrodes. See locat ion d i a g r ~ ?  111-2-12 

. 3. Signal conditioner(s) One EMG S/C; 
c i r c u i t  board configuration, 

- 
, 

4. Range of  measurement EJ/A 

5. Frequency of measurement Approx, once per 1 - 2 weeks. 

6. Output signal cha rac te r i s t i c s  

analog/digital  Analog traveform, See # 13, 

ainpli tude 0 - 5 vo l t s  

freqcency range 0.2 - 
accuracy/sensit ivity No wavefom analysis  required. See # 13. 

1 d l l i v o l t  square wave pulse, nawual, 

f i e  qGe ncy A t  beginning  and end of each run, and appmw, once 
per h o u ~  d w i n g  



recording arL310e/digital R C i ~ r ,  d i l : i t l z e d ,  con-ti;luous 
(rasr, procezscd; continuous, 
i n k e m i t t e n t )  

m n u a ~ ~ / ~ r o ~ r a m e d  A o r  D S igna l  routino and lead ident i f ica t ion  progrm.nd. 
sw5tchi~g 

manual/verbal data entry Subject ident i f ica t ion  and measurement rmmber. 

A/D conversion frequency • - 5-2 
storage time analog/di&tal Digitized till next data  dump. 

recording/storage quantity 10 hours per subject, See # 13. 
per subject 

C 

Derived quant i t ies  

other measurements required 
sirr.ultaneously f o r  calculat-  
ions  

- d i g i t a l  computation 

display analog/digital; loc-  
ation; updating frequency 

recording analog/digital  

storage time analog/digital 

Comparison with previous data 

Analog/digital display range & 
resolution/accuracy 

PrinLout fieqraency & other  re- 
9 j r e n e n t s  



13. YAscollnnoou3 information, d c t n i l o  on raforunccd i t c m n ,  ctc. 

Recording sequence: same aa for EZC, 

For Lab. Vesif, r eco rd  a m l o g  on pen recorder,  

For sloop inalysis S/CS are to ba mounted i n  soporate box, together with those 
f o r  EZG and the BIG, near head-end of bed or couch. 

EMG, EEG, and I N G  a r e  t o  be recorded simultaneously. 

p a r a l i e 1  S/C i n p u t  te rminnls  a r e  required on the  box f o r  external cal ibrat ion by 
means of the por tab le  Ca l ib ra t ion  U n i t .  



Primary EPIG electrodes 
on Sternocleido- 
mastodeus 
(+ w 1$1 apart)  

i l l t e r n a t e  EMG electrodes 
on Splenius capitis. 
(t 1 apart) 



SW-SYSTEK : D - Y I ~ I F L ~ C :  Pl'iyi;Polo,niz~~l f~loni t o r  

85;iiSU?Z;.S::T C2CiiF : Card iovnsct~l.ar 

lEASUZ:.E?IT 113: CXIp';IG;{ : 0ht)a.i n t h e  t,%:.;civc cl5.nicnl ECG l eads  i n  seqi:?ntial order, 
properly identified a3 I, Ii, I11 A I R ,  hTCL, ATJF', V1, 'SL, . V3, VL, V S ,  and V6, 

2, Input s i g n a l  charac ter i s t ics  Bi-phasic, r c p e t i t i m   ravef form, 0 - 3 millivoltse 

2, Electrodes, trailsducers, vest, Pour reuseable o r  disposable e x t r m i t y  electrodes, 
hame ss one moveable and rcuseable precorrlia3. suction cup 

electrode, See loca t ion  d i a g r m  111-R-lbA, Requires 
a separate vest/ lmness without S/CS. 

3. Sigml  conditioner (s )  one ECG S/C, 
c i r c u i t  board configuration, located within the  
DPPI. Wti-deck,  9-position se lec tor  switch re- 
quired. 

&. Range of measurement N/A* 

5. Freqiency of  ~easurer ien t  Approx. once per week,. 

6, Output signal charac ter i s t ics  

0 - 5 volts* 

frequency range 0,l - 100 Hz. 
accurar;;/sensitivibj k 5 $ of true, waaefomC 

Lgpe 42 Lecidque 1 milUvoPt squaretrave p d s e s ;  mma% pushbutton c 
DP31 .lr 

f i e  que ncp A t  b e g h i n g  and end of each run, 



iF7 

r e e o r d i r r ~  a?? loE /d ig i t - ?~  r.n;.i, d l  r:i tizc.1, 10 secor:dr; pas  lead,  
(saw, proccsssd;  ccn tinuous, 
i n t e rx i  t ten';) 

n x n ~ : a l / ~ r c r ~ r a ~ ~ i ~ ~ e d  A or  D Signal. rcrutirg acd l ead  identification programed; 
 i it chi^^ lead stii t,chinr: :-nfi:i:il ; ~ t  DPil. 

manual/\-erbal data entry ' 511b j e c t  idcnt i f icz i ' , ion  or,rl mmeasurenent m b e r ,  

AID conversion frcqueccy 110~ SPS, 

storage time analog/digi ta l  Digitized till. next  data dlz~p,  

recording/storags quant i ty  2 - 3 minutes t o t a l  f o r  a n  leads. 
p e r  subject 

9 .  &rived quan t i t i e s  

o ther  measxrenents required N/A. Instzintaneous hear t  r a t e  w i l l .  be derived i n  DF 
sb.ul'ianeously fo r  calculat-  and w i l l  be display& on analog meter on front  pane 
ions 

d i g i t a l  coxputstion Average hear t  rate af ts;. each df t,dtizcd tr.aveform, 

display analog/ciigital; loc- Instantaneous ho,art ra.t.? - amlo: meter on DW; 
ation; updating frequency At-eras hezr t  r a te  2wicz ;.ecorc?ing of each lead 

on Processor Readout, .:J qd~crC21g reqlired. . 
recording analog/di,cital Average hear t  r a t e  a t  end of each my. 

storage t i n e  analog/digital  Digitized till next data dmp. 

10. Conparison FTith previocs data ?J/A. 

11. ~ n a l o ~ / d i ~ i t a l  d i q l a y  range & Analog: 50 - 200 bpm, 5 bpm resolution, 
resolution/accurac;j- Digital.: 50 - 200 bpm, +_ 2 S?m. 

12, &inkout frequency & other  re- Average hea r t  rats a t  end of each recozded lead, 
quiserlents 



Recording sccr\;elzcc: s i~b- j  cct,  rr,cnr,u .- :i:en t, and. 1c;irj i den  t, , d i d t i z e d  wa-rcfom, 
r a l i ' o ~ a  :ion, b c - i r t  r n  LC, 

For Lab, iles'if, rckord  analog on pen recorder, and record on I;;".iaapcj recorder, 

CnlLbration 





SIJB-SYSTX?! : ~ y n a m i c  P l y s  iokaf;ical i40r l i  t o r  

FZASUG;.;XMT GF?CX.JP : Cardi o - ~ n s c u l n r  

~ ~ A S U R E I . ~ H T  D.SCRIPTIOR : Obtain t h e  three-ortho~onnl coxponenta of the human 
equivslent dipole, usire t h e  Frank lead syatcm and resist01 

1. I q u t  s ignal  charac ter i s t ics  Bi-phasic, repe t i t ive  waveform9 0 - 3 mil l ivol t s  

2. Electrodes, transducers, vest ,  Seven active and one ground electrodes, reuseable 
harness o r  disposabls with v e s t  and r&ring harnsss. Eight 

lead subject cable. See electrode locat ion d i a p m  
111-D-a?A 2nd I t e m  13. Requires a separate vest /  
harness, which a l s o  contains provisions f o r  PCG/ 
VbCG and ZPX. 

3. Signal conditioner (s ) 

I 

4. Range of  measurement 

5. Frequency of measurement 

. - - -  

Three ECG S/CS, Spacelabs Xodel 600 o r  l a t e r  mdel ;  
Frank r e s i s t o r  network; Calibration Unit, 

, 

Approx. once per I - 2. weeks. 

6, Output s igna l  charactRris t ics  

amplitude 

freqxency range 

Analog waveform, 

0 - 5 vol ts .  ' 

0.1 - 100 Hz. L m  frequency response as low as 
prac t ica l ,  

aecurac;;/sensitivi ty f 1 % sf t rue  waveform. 

7, Calibration 

E m5Uivol% squarewave pulse; mama1 pushbutbn on 
DP14 remotely ackivates bow-worn cal,  unit, 

frequency At b e g i n n i ~ g  and end of each rmn. 



display ar: 31 oz/d i f;i t27. (rz:;, 
processcj; l o c z l ,  reriot.?; 
cont inuous,  inler:ixittcri t )  

recording a n ? l o Z / d i g i t a l  
(raw, processed j cont inuous ,  
interiiGt ter- t )  

man~~a l /~ ro~ra r rned  A or D 
switching 

manual/verbal. data entry 

A/D coiiversion frequsncy 

storage t h e  analog/digital  

recording/s to;*aga quant i ty  
per subject 

9. Derived quant i t ies  

other rneasureiner~ts required 
simurtaneously f o r  calculat-  
ions 

digital compu.tation 

display analog/diCital; loc- 
ation; updating frequency 

recording analog/digital  

storage t i n e  a ra log/d ig i ta l  

n x 7  L dici t lzai : ,  t h r cc  leado (Vx, J and Y ~ )  si- 
multnr-,cour,l:p f o r  approx, 10 secsr,d'S per: r e m ~ ! i r , ~ - ,  

S i g n a l  r ~ u t i r ~ g  and 'lead ident i f ica t ion  p r ~ g r a ~ ~ e r l .  

Subject icienti.fication and measuremgnt number, 

L:co sps. 

Did t i zed  till next data  dump, 

iipprox. 30 seconds t o t a l  per recording; my be 
repeated several times during exercise o r  LBi? 
exposlrre . 

N/A, Instanirrneous hear t  rate F . .  be derived i n  
D E I ,  and w i l l  be displayed on f ront  panel meter. 

Average hear t  r a t e  during each preceeding recor& 

In3tantaneous hea r t  r a t e  - analog meter on Dm; 
Average hea r t  ra te  during preceeding recording on 
Processor Readout, 
Digitized average heart  r a te  a t  end of each re- 
cording. 
i)i&.itized .till next data  d u i .  

10. Coqarison w i f i  previous 2aka N/A. 

U.. Analog/digital display range k Analog: 50 - 200 bpm, 5 bpn resolution. 
resolution/a.cctlracy Digi-kl: 50 - 2C0 bpm, .k 2 b p .  

12. P r i n t o u t  h-owency & other  re-  Amrage heart  ra te  a t  end o f  each recording. 
eren%s 



R c c o d i r . ~  -cql,pnrc: S ~ ~ > . i p c t ,  rr-?;:lri.;*f:nt, r L i i i e r . t i f i c < ~ t i o n ;  c a l i b r a t i o n  
pulses, d.i;littzcd ~~avcios;; , ,  c n i  ; b r c ~  k,l.oi~ ~ ' u l s r i c ~  alrsyaqc hea r t  r a t e ,  

For I;ib. Vcr;-;Tm record o n  . ; i ~ n r l , -  s in i l l t ansous ly  on pcn and " ~ C O Z : C ~ Z .  

For mcnsurcn~  nt, accliracy, r r y n  t,:iblli-ty, onii convenience a VCG ves t  and ng 
harness, od jus t ib le  t o  i d i v i r i u ~ l l  body irr.i;urcrncnLy of tine cremenbers 1s re- 
quired . 
For on-pound an&lysis of  t h n  VM, t h o  tino-Sa;e expansion technique uf FI. R. 

07) i . Potcrs and R. E. Cole (sIzP:-TR.~,- s rf:co:xxended. 

Provisions must bc incl.udcd t o  :LC  ti-^::,.; t h c  bodzr-xorn Cal ibra t ion Unit of this 
vest/harness combine t i o n  reno l c l y  f ron t h e  f r o n t  panel of Vne Dld!* 

DPH w i l l  contain e l ec t ron i c s  t o  derive instantaneous h e a r t  r a t e  for  display on 
f r o n t  panel meter. Variable time constants of 5 and of 15 seconds w W  be provided 
t o  smooth out rapid h e a r t  rate f luc tua t ionso  



Tlrr.t,r';clr? i21nc,c!;cr.r,t, 

- 0; thc: back of t h e  neck. 

l3 - A t  t h e  f i f t h  in terspncc  transverse 
lcvcl  a t  tha f r o n t  midline. 

M - A t  t h e  back mid l ine  a t  t h e  same 
l e v e l  as 3. 

I: - At, tjic *'f.t sidaxillary l i n e  at 
th2 s:me leve l  as E and I.'.. 

A - A t  t h c  left n i d a x i l l a c y  l i n e  a t  
t h c  saaq l e v e l  as E, !$, and I. 

C - l3etk:cen f r o n t  midlice and l e f t  mid- 
asillnry l i n e  a t  /4s0 and a t  the 
sam level as E, 21, I, and A. 

F - A t  t h e  lower back midline 



f.ZASU&:)XN'i: Dj,Y('P,IyTirJ;1 : Rccorclinq of hex s sounds and thoracic w ? u  7rL%rati~nS 
b-J means of a precordialmicrophone with very low 
frequency rcsponse, 

1. Iqnt signal charac ter i s t ics  Sonic and sub-sonic random wavefoms; 0 - 5 
mill ivol ts .  

Electrodes, transducers, vest ,  I n d u s t r i a l  Sc ien t i f i c  Rcsearch Corp. ~ / ~ - 1 0 3 9  o r  
harness Bionix JlC t o  1000 IIz heart  sound microphone. 

This rnea,swcaerit is  included i n  the Monitoring, 
t he  VCG, and the ZCG vest/narness. 

3. Signal c o n ~ i t i o n e r  (s) Spaselabs Nodel 602 o r  equivalent, with modified 
frequency response, . 

- 

4. Range of measurexe~t 

Once t o  twice a week. 

6, Output sigr;rl charac ter i s t ics  

analog/digi t a l  

amplitude 

frequency range 

acc;uracY/sensitivi3j 

f r e  que ncy 

0 - 5 voits ,  -7 

0.1 - 20 Hz; 10 - 30 Hz; 30 - 500 Hz; 0.1 - G 2 t  
t o  be provided with frequency se lec tor  switc 
* - 5 % of true rnvefqm, 

/ 

_ i / 7" 
A t  beginning and end of each xeammmntr 

111-D-2l.A 



d i s p l a y  annlotv/di;.i  -t?l ( rn : r ,  
processed; Q c c s ? ~ . ~  TCT:O tip; 
continuous3 intcra5 ttcnt) 

recording a m  loe/di*tal  
(saw, proecssed; csntinx~ous , 
intexmittcnt ) 

i?nrr, d i~ :Lb izcd ,  c o ~ t i n l ~ o u s ;  n.riLching to o differ-  
c:nL frequenc:f passbard everg ten seconds, 

S i p n l  routing and freqmncy iden t i f i ca t ion  pro- 
gra;merri; rranunl freqaency band switching on D E 4 o  

m c l n ~ ~ a l / ~ r o ~ r a m ~ e d  A o r  D 
switching 

mar?ual/verbal data entry Subject ident i f ica t ion  and measurement.munber. 

A/D conversion frequency 

storage t i i e  analog/digital  

recording/storage quantity 
per subject  

Gigitized till next data durrrp, 

From 1 t o  20 minutes, 

9, Ilerived quant i t ies  

Reference ECG t o  be recorded sirrmltaneously. 
Ho quanti t ies  a r e  t o  be derived on board. 

other measurements required 
. s ~ . u l t a n e o u s l y  f o r  calculat-  

ions  

. d i g i t a l  computation 

display analog/digital;  loc- 
ation; updating frequency 

recording analog/digital '  

storage time analog/digital  

10, Conparison with previous data 

ll. Analog/digital display range & 
resolution/accuracy 

12. Printout frequency & other re- 
cyubelrents 



Yccordi ntl; secjtr-ncc: c; ' I~)  J ~ t : b , , ~  -' r i ~ , : ~ r + ~ r - : , f , ~  <inti :'rc?q~ict~cjr band i d P n c i f i c a t i o n ;  
c n l i b r a d i o ~ ~  plrLsc t rnln, ir ~ ~ . i  t izl-(: :. z.:.. Ccrr:, ecilirtraLion p l ~ ; c  t r a i n .  

For Lab. Vcrif ,  record cG2c.ll oE the foilr frcqi;cncics,  t o g e t h e r  w i t h  t h e  mference 
ECG, s e q u e n t i a l l y  on pen r ~ c o r d c r ,  

The FCG/V~CG ~xonsurc :nent  i s  to b(: incluc!ccl i n  t h e  n o n i t o r i n g  vest/harness, 
the PCG vest/harneos, and t h c  Z!:G -crcr;t/~lar~ians. 

Frequencies  b c l o ; ~  approxinrl t~cl :~ 1 Hz cannot; hc accurat ,e ly recorded with current- 
l y  a v a i l a b l e  prccord-in1 micl*opl:~onns, Thc Bio& microphor?e is c l a i m 3  t o  have 
a low frequency responco do-m t o  DC. 

The f r e q ~ l e n c g  s e l e c t o r  =-itch ~ u s t  be l o c a t e d  on the  f r o n t  panel o f  t h e  DPX, 



>EASGa;IS;>;T DF;SCt?,IpTI 6:; : Rr:cordin r: o f puknonnl.;ir s t roke v o l u ~ ~ o  from t rans  thoracic, 
i ~ ~ c d a n c c  chan;:r.s , using the  Kubicek mcthod. 

1, I r p u t  s l g n a l  charac . ter is t ics  Ri-ph;isir,, repetitive 1ra7refox-m . kp l i t u r l o  h i l l  

2, Electrodes, transducers, ves t ,  %ro excitat,ion and txo sensing band-electrodes of 
harr,e ss f l ex ib l e  ma+m-ial. See electrode loca t ion  dia?ran! 

111-D-23A.Thi.s neasurement requires  a separate 
vee t/harnes s, which a l s o  ccntains provisions ~ C T  

t ~ e  PCG/V~CG, 

One Spacelabs ZCG S/C, c o r ~ i s t i n g  of a ellrrent '3. Signal condit ioa5r (s) 
soyrzc, a ciiffek-ential a*npl i f ier /dekctor ,  a 5 Z  & 
A Z  amplifier, and a ca l i b r a t i on  module. 

4. R a g e  o f  ~easu reman t  2 t o  25 l i ters /minute ,  
See 'f'urther Item 13, 

5. F r e q ~ e c c y  o f  iiieasurer;,ent Once pe r  1 - 2 weeks. 

6, Output s i g r ~ l  c h a r a c t e r i s t i c s  

analog/digi ta l  Analog (See f u r t h e r  Item 13). 

a r p l i t u d e  0 - 5 volts .  

frequency range 0,1 - 40 Hz, 

a c ~ u r a c ; ; / s e n s i t i v i ~ ~  2 2 % of t r u e  waveform. (See f 'urther Iten 13) - I, 

t ype  & t e c i . L y e  

f ~ e  que r,cy 

See i t e m  13. 

A t  b e ~ i n n i n g  and e ~ d  of each measurement. 



6isy ; lny  anfloE/dizit : : l  (r.r;i:, l::::-;c: i ' r ) t ~ - . x r - : ' . r l  nnrrlo;;, conti.nuous on ZFX; rav, 
prsccsscd; Iccz..i., rci : !otc; nn:rlo,q, con t i  n!;o:lr; on 9 i s p l . a ~  X o ~ t o r ,  
c o r : t i n ~ : o u s ~  ",ntcriniti,zr:t) 

recording an-] log /6 iEi tps l  !t:-ilrcfonn: rawz (1 igi tizr?d, con'cinusrrs~ approx, 910 
(ras;, processed; cor,tinuous, ""~"rld". 
internli  t t e n t )  

mancal/proE-=ar;;il.~d A o r  D Sicna l  rout inq programed, 
s k i t  ch i  r:g 

manual/verbal data e n t r j  and measurenent number. 

A/D con\-ersion frequency LOO sps. 

s to rage  timi: analog/digi.tal E g i t i z e d  t i l l .  next data  dump. 

recording/storage quan t i ty  Approx, 30 seconds, including derived values. 
p e r  sub j ec t  

C 

9 .  Derived q u a n t i t i e s  

o the r  neascreiaer~ts requrred Fnonocardiogram t o  measure durat ion of sjstole 
simultaneously f o r  calcilla5- ( t@c between 1st and 2nd hea r t  sound). 
ions 

d i g i t a l  computation 1z12 o\z\, lil. 
I 

d i s p l a y  analog/digi ta l ;  l oc -  Di@tal  display of derived values on digital readou, 
a t ion ;  u?dating frequency If used during exercise: every minute. 

recording analog/digi ta l  D ig i t a l  values every minute. 

s to rage  time analog/digi ta l  Digit ized till next  data  dmp. 

10. C o ~ a r i s o n  with previous data  If used during exercise,  previously obtained 
values should be ava i lab le  i n  p r in ted  f o n .  

II. Ana log /d ig i t~ l  d i q l a y  range L M ~ i t a l ;  - 1 0  to h0 0hns;01~1- 2 0.25 O h - ;  F f 
resoiut ion/acc-aacy ~ir - +3 t o  - 7 ~hm/second. % 

Accuracy: +, 3 Z ;  2 3 %; and 2 b % respect ively ,  

12, Pr in tou t  frequency P i  other  re- Once every miaute, 
gil-erznts 



Tor T3?he Vt?y-i,if, P,hc ZCCI ~.rnvcfor;q r \ r i i i  t,hc FC;~ / 'P~CG wavsfonn have be recorded 
s i m l t a ~ i c o u s l y  on pen recorcit:ro 

The ZCG vest/hal.nc:;s n;u:;t, i n c l . 1 ~ 1 ~  pro.iisiol7n for the FCG/%CG, which must be 
recordcd :;inultnn~?ousl;r f o r  co:r;;n~ t a t  ion. 

Cardiac. Output ( $ 0 )  must ba rcnd out  i n  d i ~ i t a l  form i n  l i ter3/minutee 

2 '31~~TATIOiJS.  

1st Method. Estimated Cardiac Output 9 h V x Heart Rate (HR) 

n v -  n r  
z,? 

A V = ven t r i cu l a r  s trorte volume i n  i d .  

(3 
= the e l e c t r i c a l  r c o i s t i v i t : ~  of whole blood a t  100 iGiz 

(average value = 15'0 0hi?l3/m). 
L = the mean d i s t m c c  bet;:ezn the  two sensin? e lect rodes  i n  me 

Zo = t he  bas ic  ir;scdznc-> bctxeen t he  txo  sensing e lect rodes  (ohzs),  
A Z = extrapolated ~ a x i r i ~ ~ m  imp~dance change during sys to l e  (ohAm), * 

Z = m=imum r,ef;ative peak of t h e  1 s t  der iva t ive  of  2. 

6 Z was o r i g i r a l l g  dc.i5crnlincd crzphical ly  b.j ex t rapo la t i rg  the 
dewcasing slope G? -~.,IIF: ir,pcdar,ce change wavefom from the  base o- 
the  curve a t  the s i a r h c l '  "'- U L . ~  sysAbole to t h e  end of the  r i g h t  ven& 
r i c u l a r  sys tole ,  a s  iridicat ed by the  2nd hea r t  sound. ( see  f i 6 w e s ) ,  
To reduce the c r r o r  i n  ca lcu la t ing  4 2 ,  the naimun decreasing sio2e 
of t he  impedance char&% during sys to le  .c~as,detemii;ed frozi  t he  KXC- 

imum negative peak of the  1 s t  cierivative ( 2 ) .  T;?e t i n e  i n t e m a l , T ,  
a s  sho~~rn i n  Fig, 3 tms used t o  i nd i ca t e  r i g h t  v e n t r i c d a r  e j ec t i on  
time, The t irne,T,  TGS measured from the  zero-crossing o r  h f l ec t l on  
point  of t he  f i r s t  6er ivat ive ,  t o  the  n 3 x i m  negative peak of  tine 
1st der ivat ive  i n  the  region of  t he  2nd hea r t  sound, The product of  
the  m a x i m  negative pezk of the 1st der ivat ive  a n d 7  was used fo r  
the  value of A 2. 

( ~ u b i c e k  e t  al.: "Cevelopment and Evaluation of an Impedance Cardiac 
Output Systemtt, 37th Iwheting Aerospace Pledical Assn. ) 

2nd Kethcd. Estimated Cardiac Cut3ut = & V x I?R 
B V = ven t r j  cu l a r  s t roke v o l ~ x e  ir. ml, 

a Z  7 

S v 

t o  
v .  

h Z = extrapolated rr.aximm i..pedancc chance during s-fi tole.  
2, = basic  b ~ p e d a ~ c e  bct:icen the  e io  s e n s i ~ r  e lect rodes  ( Q L ~ s ) ,  
V = thorac ic  v o l ~ r e  (liters) 

( thorac ic  perlr.c+,cr) a 
=: x average sensing electrode s e ~ a r a t i o n  

(cn) 
D 

i\iO'i'E: The values Zo , Z, and Z should be providcd by t h e  s i g r a l  conditioner, 



1 2  ,, e , ~ . ; ~ ~ , - , q _ q - ~ ~ , ~ - ~ -  -, -,.,, *-;,A-L La IPZO;P;-_'; t ior?), 2" t311.5 ~n rcf~>--:5"~- ,., -,., -3 ,, i t e x ,  e tc, Q C C C Y ~ : . ~ E ; C ~ )  

CALZJ3i?:iTI:::i0 

C0ntact.s sl-iall  b~ p ro  ti ric.:: on :!I:: oi l  i,i>\~!, c~ni:cc-l ;or,  i.;hich, sho r -kd ,  'L,.-L~J. 
inj-P,iatc a five seocr:d ( 2  ;?G I:), I. i;r,;c-pa-;:it cn1ibrati.cn on 

\z\ , p z l  , aricj iAil. 
\z,\ s h a l l  ko calit.u.ntrd 1,:; t,hc nut.o:r-L t i c  a3 t,r*:-~rttn ~ ~ ; i t ~ h i r i g  of ~ W C )  p r ~ ; c i s i o n  
calibra$ion r e s i s t o r s  i n  placc of the t h o r a c i c  impedance. 

* 8 

Titc \ il j:/ and n:!pI.i 1-iers :)h.:? J i ~ t ,  ceil.ji,r-:t,cd at, thc  cam t i n c  as t h e  lZol 
cal3bra'i,ion, by :;xi t ,chinf t.hc i r i I:;.:;', . ' r n l  tlhc outjnlt  of t h c  clc t,cct,or ( Z  ou tpu t )  : 
+,he output of a cn l i t ) ra t , ion  (rc:ir rn t c r .  ,"!rl* <2i1 t pu t  of t t : c  ca l ib rn t , l  on genera tor  
s h a l l  contain a n p l i t c d c  j ~li'onn:ition J'or calii,r:i t i n r ;  ."r,hc\4 21 a rv l i f i e r  a t  two 
points,  and s lope ia;format,ion f u r  c a l i b r a t i ~ g  t h e \ a Z t  amplifier a t  two  points,  . 





~ & ' ~ ~ l J i ~ $ ~ ~ ; T  D$SCI!I?TIG]I : llflcorf-i  in^: oi" rrj:;nir:lt,nry 3m1~cfor!n and derived resp i ra t ion  
r a t e  f r o x  t rnns thorsc ic  irry~ednnce chances. 

1. Input  sign21 c h a r a c t e r i s t i c s  ili-phasic, r e p e t i t i v e  aavefonn. A q l i t u d e  w i l l  . 
depend on the RF signal amplitude, which' has ~ o . t  ;re 
been determined. 

2. Electrodes,  t r a n s h c e r s ,  ves3, "o conbination cxcitat ion/sensing Itplaten e l s c t -  
harness sodcs of conductive c loth ,  approx.. 4" jc 6" each, 

~ l a c c d  t ransthoracical l .~ .  (These e lect rodes  a r e  
no t  t o  be u s ~ d  f o r  simultaneous ECG). 'Ibis measure- 
S t  is  included in the  1,:onitoring and i n  t he  VCG 
ve s t/harne s s * 

3. Signal coridit ioner(s)  Spacelabs Model 603 or  equivalent. 

h, Range o f  msasurcment 10 t o  60 r e sp i r a t i ons  'per  minute. 

5. Frequency o f  r;;easurenent I n t enn i t t en t  o r  continuous f o r  monitoring purposes. 

6, Gutput s igrs i l  c h a r a c t e r i s t i c s  

ana log /d ig i ta l  Amlo g waveform. 

amplitude 0 - 5 vol ts .  

f reqceney range  0.03 - 1 0  Hz, T 

a c c u r a c y / s e n s i t i ~ ~ ~  close  a s  possiSle t o  t r u e  wavefom. 

Got provided 

frequency 



di q ) l a - ~  ay.qloz/d izif ??- (x-<:;rj I, 1.1" fi)~+,c ::,:Tvp a p - ~ l n n ~  conf,i n~.~rjun 03 Si':'!; rawg 
processed; l o c a l ,  r i l r3o tin; ;rrl"il.c)i:, ear, l; ~ ~ u o ~ r s  on n i s~J_ay  ; l o n i t o r ,  
c o n t i n u o u s ,  i n t c ~ ~ i t t e f i t )  

m ? n ~ ~ a i / ~ r o ~ r a r n e d  A o r  D S i , y n n l  rout ing procrammed. 
sxitchir.:: 

manuai/verbal da ta  en t ry  S~ lb j cc t  i den t i f i c a t i on  and neasurenent nunbsr, 

A/D conversion frcqueccy 100 sps. 

s to rage  t i n e  ana log /d ig i ta l  Difi t ized t i l l .  next data  dunp. 

roeordine/storapa q u ~ n t i t y  Up to 30 ninutes , including derived resp i ra t ion  
per sub j ec t  r a t e ,  during exercise  program. . 

9 ,  Derived q u a n t i t i e s  

o t h e r  measwexents requ i red  N/A; record derived r e sp i r a t i on  r a t e  froa I)?,"! 
s inul taneously  f o r  ca lcu la t -  directly.)  
i o n s  

d i g i t a l  computation 

d i s p l a y  analog/digi ta l ;  l oc -  frsspirat ion r a t e  i n  d i g t t a l  form on PBDX. Update 
a t ion;  updating frequency every 15' seconds. 

recording ana log /d ig i ta l  Respirat ion r a t e  every 33 seconds during exercise;  
every 15' minutes during monitoring, 

s to rage  time ana log /d ig i ta l  Dizit ized till next da t a  dmp. 

10. Coqa r i son  with previous da ta  N/A. 

33. Analog/6igital d i ~ l a y  renge & Jnalog: 10 - 60 respirations/ninute; 2 qm resol .  
resolution/accuracy D i g i t a l :  0 - 60, resp./min.; +_ 1 resp./min. 

12 ,  B i n b o u t  3 e q e n c y  &. other  re-- Every 30 sec,  
p k e m n t s  



$3, 6,I.:iscc.ll:!nco.ils infor.n!at;j.on, d c  t?,j :!., on a * e f e r c ~ ; ~ c ~ : ~  itq;+,s, c f - , ~  
n ,t,,cnri~j~nc srGJionc;l : j ,  ;~::r:;;;y~:;~~t~nt , 1 . 0  0 msp. ro k . ~ .  

- 7 "  

~ , b .  ver-jf. racord , ; j r ,  on ;Inn ~ccori!cr;  record on :.I blpe r e c o d c r .  

provided. 

See also: Display, Recording, and i'rinbou$ Esquir~mcnts Dp!?. 



IEASUFE>ENT DESC,?I?TIO:I : 20corJin;;  of Lh.: n r tc r - i .n l  pulse  mvc shape changes as 
the  r e s u l t  of c : ~ e r b , e n b l l . g  induced s t resses .  

Computa-tlon of  pulse  wave t r a n s i t  tirr.5 i n  conjunction 55th 
a refercnc? ECG or PGG. 

1. I n p u t  s i g n a l  charac te r i s - t i cs  Ri-phasic, rcpc t i t i v e  wav~,form; 200 m i l l i v o l t  
l eve l  t y p i c a l  - subject  and l oca t i on  dependent, 

2, Electrodes, %ransducers, vest, Sp.?c^kbs ;Ioc?nl 404 Photoelect r ic  h l s e  S~RSOX' 
hame ss o r  ecl;~ivklent. 

This  mec;swcr;:ent i s  inclxded in tb Xoni.torin,g 
and in t;?e VCG vest/llarness. 

3, S i g r z l  cofiditioner ( s )  Anpl i f i e r  c i r c u i t  f o r  pulse wave form. Pulse Wave 
Velocity computer f o r  t r a n s i t  tixe. 

'k .  Range o f  measu re~en t  N/A . 
5. Frequeccy o f  xeasurenent Once pe r  week. 

6, OuQut s i g r a l  c h a r a c t e r i s t i c s  

analog/digi ta l  Analog wavef om. 

a rp l f  tu6e 0 - 5 vol t s .  

frequency ranze 0.1 - 30 9z, a ~ ~ ~ o x .  

a c o ~ r a c ~ / s e n s i t i v i . t - j  t 5 % of true wavefom, 

7, CaX3ration 

t gpe  & t e c ' d p e  Not provided, 

l f re  qlie I;Cy 



8, D2L2 txzr.2l ir iz 

I . .  disp lay  ~ ? L 2 , ~ t 3 ~ / < ~ i ~ ~ < , q . ~  (T?&*,,ij j , I ,  5 n:;aLo;:, eijnt;lr,uct~~s OE ,- DPX; 

pr.oct:ssc2; I c c a l ,  r::;:r:ri tc:; s:ipi,  ;ln:-ii.(?:;? coritiri.i;n.rs on Di:;play .'::onitor, 
c~r . t inuous,  i ~ b e r i ~ i  k , i 4 ~ : ~ ~ f i }  

recording a ~ ~ l c ~ / d i ~ i t ~ . l .  \'avefo-;n: raw, d ig i t i zed ,  i n t e r x i t t e n l .  
(rav,  processed; continuous, 
i n t e r x i t  t en t )  

m a n ~ a l / ~ r o ~ r a m , e d  A or  D Sig~laZ rout ing programed. 
--it ch i  ng 

manual/verbal da ta  en t ry  Subject  iden- t i f icn  t i o n  and measurement m b e r .  

A/D corn-ersion frsqueccy 250 sps. 

s to rage  tima ana log /d i@ta l  Digit ized till next data dump. 

recording/storags quan t i ty  Tip t o  30 rrLnutes i n t e rmi t t en t l y  during LBtP 
per subject cxpo;;'cfr"e. 

9, Derived q u a n t i t i e s  Vave f o m ~  OF&{ : p u l s e  J+iaTre Trans i t  Time: 

o the r  measurener,ts requ i red  N/Aa Reference ECG, o r  PCG. 
s~hul t ; lnecus ly  f o r  calcula  t- 
ions 

d i g i t a l  c c ~ p u t a t i o n  JJ/A. Analog conputation w i l l  be perfom : 
ed by R N  compter  i n  t h e  Dm. L - r;. 

d i sp l ay  sna loZ/d ig i ta l ;  l oc -  N/A. Trans i t  t i n e  in d ig i t i z ed  format on $ 
a t i o n ;  upda king f r e q e c c g  PBDX; update every 5 seconds. 

recording analog//digital H/A. Trans i t  tLne i n  d ig i t i z ed  fomat .  

storage time a ~ ~ l o ~ / d i ~ i t a l  N/A. Digi t ized till next data dump. 

10. Coxparison with previous data  N/A. N/A a 

n. b l o g / d / d i g i t e l  d i ~ l a y  range & I/A. Transi t  t h e ,  d i g i t a l  fom.at 0 - bw 
iesolution/accuracy 1 mil l iseconds 2 1 $ a c c u r a q  T 

I 
i Every 30 secop:ds. 12, fiinli.out f r epency  Pr other  re-  J I 

p i r e r z n t s  6 



Recording seqlcnce: sub jec t  is. .nc:qsilremcnt -Lrlr:ntification, waveform, 

For Lab, Verzf. record anal02 on pen recorder; record on $24 tape recorder, 

I n  conjunction i5th a referencr? RCG or a PCG s j  <pal ,  t h e  pulse wave contour nay 
be used to mcnsure n11.1.x 5.1.7vt? t r?n: : : l t  l;i:nr: b:r xe2n3 of t h s  I'ulss bhre brelocit,y 

C_- .----- _I---.- -I__--. 
c o ~ p u t e r ,  contai.ncd i n  .tile oi,;ls ' J : ' l ; i ~  L3:ar;nlt . t i ~ , e  14d.11 bc presenbc? as an  analog 
voltage, i n v e r s e l y  p r o p o r t i o n a l  t o  t h e ,  and only requ i res  d i g i t i z a t i o n  f o r  
presentation a t  t'ne PBDTl d i g l J a l  displays, 



~ ~ A s ~ ~ ~ ~ x ~ ~ T  DE~CFIPTIG;I : ilcasurc:ncnt of baiiy temyerature by means of an ear ~ ~ i l  
sensor w i t h  s;?:all tiine .cons tan t .  

1. I p u t  s i g n a l  c h a r a c t e r i s t i c s  Rcois t~n:c  change of a thenxis tor  i n  bridge circui!  L 

r e su l t i ng  i n  a voltage change. . PI 

2. Electrodes, t ransducers,  ves t ,  Ycllow Sprinzs t;qe li40ll-X themis to r  in ind iv i -  
h a n e  ss dual ly  nolded e a r  plug, Typical res i s tance  approx, 

60 kilohms O 370 C. 
This mcasurcmen'c i s  included i n  the I<onitoring 
mst/harness. i 

3. Signal condit ioner ( s )  Spdcelobs Plodel 607 o r  equivalent. 

4. Range of measurerent 8 5 - 109 F.' 

5. FYecpency of  ~ileasurerner;t In temr i t t en t  o r  continuous f o r  monitoring purpose:' 

6. Output sigral  c h a r a c t e r i s t i c s  

analog/digi ta l  Analog DC voltage,  

amplitude 0 - 5 v o l t s  2 1 % . 
frequency range 0 - 1 Hz, 

t y p e  & teckzLqde 

f r e  qzr: ncy 

C n l  n and zcra ndtjlrstxents on S/C, for precise 
r?a.tchi R,.: to i n d i v i d u a l  ther ;n is lors  only-, 



8, Data handlin; 

display analoz/digi  t a l  (raw, 
processed; l oca l ,  rcclo te; 
continuousg i n t e r m i t t e n t )  

recording aralog/diEit:;'i 
(rsu, processed; contirtuous, 
intermittent) 

manual/verbal data entry 

A/D cornersion freq~rency 

storage t h e  analog/digLtal 

recordire/storags cpant i ty  
per subject 

9. Berived quant i t ies  

' other measmexerits required 
sinultaneously f o r  calculs t- 
2. ons 

dig i ta l  coinputation 

display analog/digi ta l ;  loc- 
ation; updating frequency 

recording anzlog/digital 

storage time ara log/d ig i ta l  

10, Coiparison t i t i n  previous d a b  

U, Analog/digital display range & 
resolution/accuracg 

12, Pr intout  frequency & other  re- 
qcireii.mts 

ilnnloy: m&cr readout on DRIP i n t e r n i t t e n t  o r  con- 
tinuous; dif:itized on PBXJI, 

. , 
Digitized, intermittent,  every 30 seconds, 

Signal routing programed, 

Subject identification and measurement number, 

10 sps Inirlimum. , . 

Digitized till n& data dumpc 

Up t o  30 minutes during exercise and LBNP exposur 

0 
Analog meter on DPH: 85 - 109 F ?; 0,s F, 
Digital on P3Di.I: 85 109 F +s 0.3' F, 

Every 30 seconds, 



E c c o ~ d i n ;  sli~p:ic-: su?jt-,st, Fr :'lr'-t;:!rrb ~ n t  i i l ; n i ; i f i c a t i o n ,  te -perabl re ,  

Lab, iJcrife rcr,o-:i nn*i8r;:; ox 1.~3 rcco-.<i*?r; record on E'; tape recorder, 

, ... ont? for the thermistor leads, the secc/r,d The earnold  sen:;or r eq i~ i rc s  il,'-o p -I:' ; . i p g \ " *  

for sound corlductj on anti p2c:;:;urc cq)~ali ; : .r t t im 



Avcrnp  Skin ' j l ~ ~ : r ~ ) ~ r a t ~ r r ~  

DZ.?C?,I?TIG'II : ~~cns.uri?:l:cnt c): nvc,rnll;c s k i n  tr-..,!i.rtr:~t,vre by man;: of 
s\trr,mn t j .ng t h r :  -+rrti.rth.t,c!d tcrsnora tures from 117 t o  twebm 
d i f  f::rcnt body loca t ions .  

I. I r ~ u i v  s i g n a l  c h a r a c t e r i s t i c s  Resistance ~nan:~c.,z of + ,komistors  i n  bridge c i r c u i t s  
r e m l t i x  i n  v o l b ~ y  ckany~n. 

2, Electrodes,  t ransducers,  ve s t ,  S;iacel3bo :?06cl iici c;~.:t;lCl~ b ~ j - 7  te;r,peratUI'e 
fiam~e ss probes :;~itk 'itdllo;: C: r., 2~: : ;o ,  8+!:~E{ therx i s to r s .  

Avcraqc Skin =icxpcr2t7irr: ;.r :z/:::rr,ess. 
A probe l oca t i on  d i q r a a  ; ~ U .  be pro-siced a s  scon 
as  ponslble. 

3. Signal condi t ioner  (s) spacelabs Nodel 606 o r  equi-ralent. 

4. Range of  n;easurscent 

5. Frequency of  ceasurenent >!ostly continuous ci;:riz.: exnrcise on 5iclyc19 
ergometer, and poss ible  dnring ;3!P e>Tosure. 

6. OuQut s i g m l  c h a r a c t e r i s t i c s  

ana log /d ig i t a l  Analog DC voltage. 

arrpli tude 0 - 5 v o l t s  4 1 $. 

freq1:ens.y rar,gS 0 - 1 Xz. 
accarac;;/sensiti-ci-t-j + - 0.9 F. 

'7, CaLSss  t i o n  

tyy €i teci.ai.q?le Factory calibrated. 



recordin,c  ar3lc;/digi t 2 E  Di-itizcd, i n t e m i t t c n t ,  every 30 seconds, 
(ray, 2roccsscC;  ccn t i ncous ,  
i n t e ~ ~ ~ t t e n t )  

manual/pro3rar;iiied A o r  D S:;.);nnl rou  t i n ~  prograzmed. 
d t c h i n g  

manual/verbnl dztz  c a t ~ j r  5i'nJcct identification and measurement number. 

A/D corn-ersion frequdricy 1 0  sps minimum. . 

storage t h e  ana?.og/di@tal Digit ized till next da ta  dump. 

recording/storags quari t i ty Up t o  30 minutes dur ing exercise  and LBXP exposure 
p e r  subject 

9,  Derived q u a n t i t i e s  

o t ? e r  rrteas~rezer'ts r e w i r e d  N/A. 
s i~u l . t aneous ly  f o r  c a l c u l a b  
ions  

d i g i t a l  computation 

d i s p l a y  analog/didigital; l oc -  E?/A. 
at ion;  updating freayency 

recording analoz/:/digital N/A o 

storage t h e  ana log /d ig i ta l  M/A. 

10. Conparison kith previous dbAk N/A 

0 U. k n a l o z / c i i g i t ~ l  d i q l a j i  ranse 9; iLqolog meter on DPX: 85 - 109 F t 0.5 F. 
resolution/acccracjr 13igi tal  on FBGIl!: 85 - 105O F t 0.9 F. 

T 

E, h i n t o u t  fieqxencjr & o t h e r  re- E v e ~ y  30 seconds, 
q~*er;enls 
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SUB-SYSTXI"; : Dj-nznllc P:LJ*;iologLet l Noni t o r  

Pl.XASUm.:ZtlT : Refcrenco 2i.t ctrocc?rdiog-rLm (ECG) 

IEASUXEPZNT DESCftIPTIGN : Rocordicz of a s ingle  lead ECG f o r  monitoring purposes, 
t o  obtain hcart  rate, t o  conpute pulse wave t r a n s i t  t h e ,  
and f o r  various correlat ion studies. 

1, Input signal charac ter i s t ics  Bi-phasic, r epe t i t i ve  wa~refom, 0 - 3 mil l ivol t s ,  

2. Electrodes, transducers, vest ,  Tnree reuseabls o r  disposable electrodes, one of 
barne ss ~dl i ch  is the ground electrocie. ~ h k  two act ive e3ec- 

trodes :?ill be placed in  e i the r  transthoracic o r  
in s t e r r21  configmation. Monitoring ves t/hame,ss 

3, Signal conditioner(s) One Spacelabs Nodel 600 o r  equivalent. 

4, Range o f  measurenent 

6, Output signal charac ter i s t ics  

Xostly continuous during monitoring. 

analog/digital Analog wave f om. 

amplitude 0 - 5 volts.  

frequency Tange 0.1 - 100 Hz. See # 13, 

accuracy/sens i t i v i  ty +_ 5 % of t rue wavefo?. 

7, Calibrat ion 

L n e  & L e c b h p e  

f r e  que r,eg 

1 mi.11ivolt squarewave pulses; manual pushbu"con on 
DEN. 
A t  bozinning and end o f  each run, 



i s -  . t ( r ? :  ii2:*, azaih-, con-%im;nirc on 93,;; b;:, 3 ~ 3 1 0 g ,  
proc(.csscd; l o c z l ,  r;.::ot"; cc~iitinuous cjil L?i.s~Zay :.;onitor. 
contincausl intcrni i t c n  t )  

recording ar3loC/diKi t4. R:7~~71~ dipitilrcd: 5 seconds OU% of e - ~ e ~ j -  d n u t e .  
(raw, processed; continuous, 
i n t e rmi t t en t )  

manual/prog~arr;iled A o r  D Sitgn31 routing progra,nned, 
swi tchirz  

manual/verbal da ta  en t ry  Subject  i d m t i f i c a t i o n  and measurercent nmber ,  

A/D corn-crsion f reqwncy  2400 sps, 

s torzgc time analog/digi ta l  Dj-@tized till next data  dump. , .  

recording/storaga quan t i t y  Up t o  two hours per  24-hour period total, 
per sub j ec t  

9, Derived q u a n t i t i e s  
Instantaneous 

o the r  measuenents  required ~ ~ / ~ , ~ ! l e a r t  rate trill be derived i n  DA?H, and w i l l  
sirru1t;ineously f o r  ca lcu la t -  be displayed on analog meter on f r o n t  pmel .  

d i g i t a l  computation Average hea r t  r a t e  during each preceeding 30 sec- 
ond period. 

display analog/digi ta l ;  loc -  Ins~tsntaneoiis hea r t  r a t e  - analog meter on DX.!; 
at ion;  updating frequeccy Average hea r t  r a t e  during preceeding 30 seconds on 

Processor Readout, 
recording ar?alog/digital  Ay~erage h e a r t  r a t e  a t  end of each 30 seconds, di@' 

ized. 
s to rage  t h e  amlo$d ig i t a l  MgiLized .till next  data dunp. 

10. Compzrison with previous data  H/A. 

m l o g / d i g i t a l  d i q l a y  raRge Analog: 50 - 200 bpx, 5 b y  resolut ion,  
re solulion/accuracy Digital: 50 - 200 bpm, +, 2 bpm, 

T 

22. 1 3 . r i n h ~ t  f i e ~ e n c y  &: o"b~ier re-  Avcra2e h e a r t  r a t e  a t  end of  each 30 second p e r h d  
qG%;&trq9tg 



For Lzb, Vcrif, record t-n:ri?i"ol?n a v i  h . ? 3 ~ t  r a t2  cn pen recorder, accl record on 
tape recorder.  

Ca l ib ra t ion  uni.t inside 9?N 1 5 t h  pushbut.trOn on f r o n t  panel. 

DPX rc iU.  contain electron-ics t o  dcr i~rc  inztantaneolls h e a r t  rate f o r  display on 
f r o n t  pannl  meter. Variable time constants  of 5 and of 15 seconds Kill b e  provided 
to smooth ou t  r a p i d  h e a r t  r a t e  f1uctu:~tions. 

See also:  ~ i s ~ l & ,  Recording, and Pr in tou t  Requirements Dm. 



: Arteri::l. ;load T r c s s u r o  ( I n d i r e c t ;  Systo1. i~  and Dias fx l ic )  

1,ZASUEZ:.ZNT DE3CRIPTIGiJ : l:cnnurc z ; ~ z t o l i c  axti d i a s t o l i c  blood prc r; m l r e  by neans of 
sphyg~;c;aano.rc %I:{, usin?  t h e  Rim-Rocci p r i r ~ c i p l e  of cuff  
i n f l a  t,ion and d e f l a t i o n  ~ r h i l e  monitoring t he  Korotkof f 
sounds a t  l ; i~c  1,rachj.nl a r k r j ,  

' 1 
1. Input  s i g n a l  c h a r a c t e r i s t i c s  O:ff prcswrc vr;veform - rapid. i n f l a t i o n  to 2CO z-i 

Ilc[, fol.lc~ccd by slot; de f la t ion ,  
Complex sound t:ave f o m s  from Korotkof f sound micro- 
phone rccordcd simulbr,cously ~sim,, o r  supe r i~poseb  
on, pressure  tracing.  

*. 
2 Electrodes, transducers, ves t ,  S@J3ow"n0:'Et~r ~ ~ f f  l n t h  &W&SdJU 1 4 -  . 

-+ =~p~hor,e. 
harness Cn:i 'ce :;c-cc! jn  conjuilction with any of t h e  ~ ? v a i l -  

zble vcst/harneis cox'oination3, 2s it cons t i t u t e s  a 
scps ra te  sub-asembly, 

. 3. Signal condi t ioner(s)  Servo-re p l a t e d  cuff  program.er ( ~ e  chnologj IRC . ) , 
Korotkoff sound a n p l i f i e r  w i t h  f i l t e r  nekt~ork, 
processing e lec t ron ics  t o  derive sys to l ic -and  dias-  
t o l i c  blood presamre readouts on analog meters, 

4. Range o f  measurement 
. 

50 - 250 mm Hg s~ys to l i c ,  
30 - 150 rn Hg d ia s to l i c .  

5. Frecpency of measurement Fcr monitoring once every 15 mins. 
During experbef i ts  every 30 seconds o r  l e s s  fre- 
quently, 

6. Output s i g n a l  cha rac t e r i s t i c s .  

analog/digi ta l  Analog pressure curve and sound rave fom. 

ampZi tude 0 - 5 v o l t s  

freqcency ranee 0 - 5 Ez f o r  prcssure (~pprox.)  K-sound f';Lter 
pesked a t  LO Hz, poss ibly  a l s o  90 and 120 Hz, 

accuracy/sensi t iv i  ty ", 5 rn HE design goal. 1 

? b  Cal ibra t ion  

type & technique ;I2r?ual 5 n f l a t i o n  bulb and aneroid mnonetes  used 
tr i th stethosccpz, 
Before each cxperiinerlt o r  monitoring . Z W I I a  



W4~TJ~ll 

*&mp sqep qxau xnq pazr%~;;j-~(-~ 



Tor Lab, yjcrlf', t h e  cu i'i" r t-?:;;I;:. : 1 ;=?~:r? ;i:;4 tt-,r: i:orotkof f sounds  st b e  secord-?d 
si lC~Jl+ancouslg and ;~~pi'rij;,~:o:;~ri c:: rlpr: rclcor3cr ar,d en F1'; t -?r~ rccordcr, 

The DPK trill c o n t a i n  a l l  el .czt . rories  rcccosayr , . t o  conve r t  the  tt-o i r p t  s igna ls  
i n t o  sys to l i c  and d i a s l o l i c  ;ii..;.-t*:c rcsic1;rz. A l 'hold" c i rc i l i t  i s  required t o  
r e t a i n  -the previous readings unLi i  the ~ ~ , x t ,  reading  has been taken, 
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This document establishes the requirements for the performance, and design 
, \  of the Vascular Dynamics Subsystem, together with requirements necessary to pro- 
,vide interface compatibility with other FBB subsystems. The Vascular Dynamics 
subsystem consists of measurement sensors, signal conditioners, a body-worn vest 

hiand wiring harness, limb cuffs and limb enclosures and a display panel. The 
\'Vascular Dynamics subsystem is used in conjunction with the PBDH station to 
measure, display, and provide recording interface for measurements concerned 
with cardiovascular activity during exercise or stress conditions. 

t 
The measurement of Capillary Fragility (Rumple Leede) has been included 

under the Vascular Dynarriics Subsysten as this hematological measurement is re- 
lated to cardiovascular investigation~ and equipment. 

2.0 APPLICABLE DOCUMENTS 
(i r 

All applicable documents are referenced in FBB System Requirements, 

3.0 TECHNICAL FGQUD?BE2?TS 

3.1 Performance 

3.1.1 Functional. - 
3.1.1.1 Overall System Requirements. - The Vascular Dynamics Subsystem must 

be capable of detecting specific measurement changes using non-invasive techni- 
ques with body attached electrodes and signal transducers, which feed the basic 
information to either body-worn or remotely located signal conditioners. The 
subsystem requires interface with a computer for computational support. Control 
provisions will be incorporated on the panel for the supporting test equipment 
(Ergometer and LBNP) . Display of data will be on meters with analog signals 
made available for recording. 

3.1.1.2 Measurement Requirements. - The Vascular Dynamics Subsystem must 
be capable of measuring and/or displaying .the following parameters: 

1. Cardiac output 

2. Peripheral venous pressure 

3. Limb plethysmography 

4 Capillary Fragility (Rumple ~eede) 

Specific measurement data requirements are tabulated in Section 111-C 
Appendix, In addition, it must be capable of displaying and controlling the 
pressure setthgs f o r  the LBW, and the loads and W M  for the bicycle ergometer, 



3.l,l.3 Cardiac Output. - This measurement employs @he in~edanee e a r d i o p m  
technique of Kubicek, the requirements and characteristics of which were presented 
in Sec"con 111-D, D . y l ~ c  Physiological Yonitor, The DR4 does not include a read- 
out facility for derived cardiac output, A separate meter is therefore required 
on the Vascular Dpmics panel to allow a direct display of cardiac output (thoracic \ 
blood flow). This meter has a range from 2 to 25 l/min, The digital display of 
this parameter will have a 2 decimal accuracy. Cardiac output determinations using 
the GO2 rebreathing techique are described in Section 111-F, Respiratory Sub- 

@ system. 

3.1.1.4 Peripheral Venous Pressure. - The direct method requires a vena- 
puncture and pressure transducer. It will provide an accurate baseline to evalu- 

\ ate the plethysmograph technique. The indirect method of measuring the peripheral 
venous pressure involves comparison of the two pressure transducer tmces during 
deflation of the sphygmomanometer cuff. It requires the use of a rigid forearm 
plethysmograph, s sphygmomanometer cuff, and two pressure transducers, The value 
of the venous blood pressure is entered manually for recording via the numerical 
Data &try Keyboard. 

3.1.1.5 Limb Plethysmography, - Two methods of limb plethysmography will 
be used to measure the volume increase of the lower legs while the subject is 
exposed to negative pressure in the LBNP device. The standard method will eaploy 
silastic rubber strain gages, either filled with mercury or another electrolyte; 
the second method utilizes ultrasound in conjunction with a phase-s'hift detector 
to measure the increase in limb diameter. This last technique is experimental and 
is presently under development at LMSC. 

Through appropriate calibration and computation, both methods allow for an 
expression of either pulsatile flow or volume incresse per 1OOO or percent of 
the resting value, or of blood flow in cm3/100 cm3 of tissue/minute. .The volume 
increase and the blood flow measurements require the use of an occlusion cuff 
proximal to the transducers to prevent venous return, 

3.1.1.6 Capillary Fragility (Rumple Leede). - This measures the resistance 
to rupture of superficial capillaries as the result of a five'(5) minute applica- 
tion of a blood pressure cuff inflated to a pressure of 100 mm Hg. Visual obser- 
vation is made and recorded. 

3.1.2 Operability. - Section 111-A FBB System Requirements document contains 
applicable operability requirements, 

3.1.2.1 Safety, - The Vascular Dynamic subsystem employs major peripheral 
equipment such as the ergometer and the LBNP, These two devices expose the sub- 
ject to a stressful environment so it is necessary when conducting measurements 
using this equipment that qualified personnel are available and that the test 
operator has a clear view of the subject at all times. Remote control w d  adjust- 
ment of the LBW pressure at the Vascular Dynamic panel is required if EL single 1 

experhentor is stationed at the PBDM so that he can immediately equalize the 
mNP to ambient pressure at the first sign of impending subject syncope. 

3,2 Interface Requirements 

The Vascular cs Subsystem must meet the display and control reqasements 
associated with measurements taken while using the LEI?%' or E r g o ~ e t e r ,  The  basic 
interface requirements between the Vascular Dyldcs Subsystem and the PBDM 



Station are similar to those associated with the 3PM, The signal outputs are made 
available to the computer through switching, The physical location of the Display 
panel f o r  Vascdur measurements is no t  critical except that it should be Located 
relatively close to the DPM to p e M t  monitoring of the vital signs during stress- 

\ 
fu2 activities, 

1 

3.3 Design and Construction 
k \ 
I '  The Vascular Dynamics Subsystem consists of the following elements: Sensors, 
Signal Conditioners, and Display and Control Units. This section will discuss 
the mechanical, electrical, test provisions and material requirements. The de- 

1 sign requirements for cardiac output (except for the display meter) are dilineated 
in Section 111-D, Dynamic Physiologic Monitoring. Measurements of Zo, 2, and Z 
together with PCG and ZPN will be made available to the computer for computation 
of Thoracic Blood Flow which will be displayed on the Vascular Dynamics Panel. 

3.3.1 Sensors. Simal Conditioners, and Sucportina Test Equipment. 
\ ' 

t '  r 3.3.1.1 Sensors. - Peripheral Venous Pressi~re - Direct Method. - Venipuncture 
requiring a Statham SP-37 miniature blood pressure transducer, a needle, and a 
driver/amplifier will be utilized to measure venous pressure directly, and to 
furnish accurate baseline data to evaluate the plethysmographic technique. 

Peripheral Venous Pressure - Indirect Method. - A modification of the 
plethysmographic technique of Uspenskii and Vasiitev for the measurement of in- 
direct venous pressure employs a rigid, .cylindrical, forearm plethysmograph, 
closed at the distal end. The arm is inserted in the cylinder and opening between 
the arm and cylinder is closed off with a thin rubber collar. A tube at the distal. 
end is connected to a suitable pressure transducer, while a squeeze bulb will 
be attached temporarily to a side 'tube to check the patency of the seal. After 
this check, the pressure inside the plethysmograph is equilibrated with ambient, 
and the outlet valve is closed. A suitable air source is required which will be 
connected v ia  a plenum and a needle valve to a regular spwgmomanometer cuff 
placed on the upper arm, and to a second pressure transducer, The pressure trans- 
ducers to be used in determining venous pressure will fhrnish pressure readings 
from 0 to 20 cm H20. High accuracy in low pressure ranges, fast response, and 
low static and temperature errors are necessary performance characteristics. A 
Statham P-15 cuff pressure transducer, or equivalent, has the desirable charac- 
teristics. 

The output of the two pressure transducers are displayed on two channels of 
a long-persistence display CRT. Outputs correspond to cuff pressure versus the 
plethysmographic pulse trace, from which the venous pressure can be read off. 
(See Fig, I), 

, - Two methods of detecting limb vol~une changes will be " 
used. ney ~ a ~ e )  consisting of a length of silastic tubing 
filled with mercury or other electrolyte will be attached around the l h b  segment 
to be measured. Contact is made to the ends of the electrolyte column by means 
of wires inserted into the ends of the tubing, iis the tubing is stretched, the 

is lengthened and narrowed, thereby increasing its electrical resistance, 
When the tension is removed, the gage retwns to its original lengbh. The re- 
sistance increases linearly with length when the length changes are srd% 



Cuff pressuse t r ace  (Transducer #I) 

1 venous blood presstare t o  l e f t  

-\ I Plethysmograph t r a c e  ( ~ r a n s d u c e r  #2) 
n I 

I * Time 
, . 

. . . . 

\Fig. 1 Rigid Arm Plethysmograph and Occlusion Cuff Traces t o  Pressure 

compred t o  t h e  t o t a l  unstretched leng th  of t h e  gage. A subs t i t u t i on  f o r  mercury 
w i l l  be inves t iga ted  due t o  i t s  hazard under spacef l ight  conditions. 

An u l t r a son i c  method w i l l  a l s o  be used, f o r  which two p iezoe lec t r i c  trans- 
ducers a r e  coupled t o  opposite s i de s  of t he  limb. One transducer i s  driven by 
a c a r r i e r  a t  about 100 K Hz, amplitude modulated by a s i gna l  a t  about 50 K Hz. 
The phase shift of  t he  modulation s i gna l  from t h e  i n i t i a l  value i s  picked up by 
the  second transducer, and w i l l  be detected and used t o  ind ica te  changes i n  
limb diameter. These diameter changes can then be converted t o  volume changes. .. 

3.3.1.2 Signal  Conditioners. - Signal condit ioners w i l l  be required f o r  
t h e  forearm plethysmograph pressure,  t he  occlusion cuff  pressure, t he  s t r a i n  gage 
plethysmograph, and t he  u l t rason ic  plethysmograph. Each s igna l  condit ioner w i l l  
provide an  output of 0-5 vo l t s ,  with an output impedance of 200 ohms o r  l ess .  
These s i gna l  condit ioners w i l l  be s o l i d  s t a t e ,  mounted on c i r c u i t  boards. 

3.3.1.3 Supporting Test Equipnent. - A non-deliverable INSC space-oriented 
bicycle  ergometer w i l l  be u t i l i z e d  t o  provide s t r e s s f u l  exercise  t e s t  conditions, 
The ergometer has t he  capab i l i t y  of provid3ng exercise  load p r o f i l e s  from 100 
t o  400 watts, a t  25 watt increments. Tachometer and load outputs a r e  ava i lab le  
f o r  display.  

A non-deliverable LMSC laboratory model of a n  LBiP w i l l  be u t i l i z e d  t o  pro- 
vide negative pressure t o  t he  lower to rso  and extrerilities. Quick dumping pro- - 
vis ions  a r e  avai lable .  Accurate pressures can be maintained, s ince  an open 
system i s  employed with high flow and low leak  r a t e s .  

Remote con t ro l  and adjustment of the  LMSC pressme and ergometer work load, 
a r e  r e q d r e d  so t h a t  a s ing le  experixlentor can sa fe ly  conduct the  LBX' procedure 
and vary t he  work load during an e s s r c i s e  p r o f i l e  without in te r fe rence  with t h e  
sub j ec t ' s  p e r f o m n c e ,  ProvTision will be provided f o r  this con t ro l  on the  



v a s c d a r  panel i f  NASA provides de t a i l ed  infomakion and schematic d i a p ~ m s  o f  
t h e  NASA csn%-i;rol mits for the a;13rP and ergometer, " r h c  0 Lo 5 volt signals o f  
L;f3W pressure,  m d  of  ergometer load and peda l l i ng  speed, w i l l  be dlaplsyed on 
t h e  PBBM panel. 

3 . 3 . 2  . - The Vascular D;.namics panel ( see  Fig.  2 )  pro- 
vides switches and controls  t o  ac t i va t e  and ad jus t  t he  various measurement equip- 
ment. The use of t he  mercury s t a i n  gage o r  u l t rason ic  method w i l l  be under switch 
control .  A s ing le  analog meter and d i sp lay  l e f t  o r  r i g h t  limb percent volume 

44 

t 
,changes cardiac  output ( thorac ic  blood flow) ranging from 2-2 5 lit ers/min. w i l l  
be displayed on a s i n g l e s c a l e  analog meter. The LBNP pressure w i l l  be displayed 
with a range of zero t o  minus 80 mrn Hg. A dual  analog meter i s  used t o  display 

! 
t h e  ergometer load (50-300 wat ts)  and RPM (40-90 RPM) , 

3.3.3 Cal ibra t ion Requirements. - Calibration c i r c u i t r y  i s  provided a s  an 
i n t e g r a l  pa r t  of t he  ZCG s i gna l  condit ioners with contacts provided on t he  output 
connector. 

The transducers used i n  t h e  d i r e c t  and i nd i r ec t  technique f o r  measuring 
per iphera l  venous pressure w i l l  be ca l ib ra ted  manually with an aneroid manometer. 
  he' s t r a i n  gage method of limb plethysmography includes e l e c t r i c a l  c a l i b r a t i on  
s i gna l s  i n  the ad jus tab le  Wheatstone bridge which i s  -part of t h e  s igna l  condi- 
t ioner .  The Ultrasonic method of measuring limb plethysmography w i l l  be pre- 
c a l i b r a t ed  by comparing against  s t r a i n  gage technique, i n  conjunction with phase 
shift null  se t t ing .  

The NASA ergometer requires  spec i a l  c a l i b r a t i on  equipment a s  pa r t  of t he  
.ground support equipment. The LBNP pressure transducer may be ca l ib ra ted  manually 
with an aneroid manometer. 

3.3.4 Power Requirements. - The Vascular Dynamic Subsystem requires  115 v, 
60 Hz, and dc regulated power. Commercial u n i t s  having t h e i r  own power supply 
may a l s o  be u t i l i z ed .  A 28 vdc power supply i s  ava i lab le  through t he  PBDH con- 
eole. Table 1 summarizes t he  e l e c t r i c a l  cha rac t e r i s t i c s  and da t a  requirements. 



Fig. 2 Vascular Dynamics Panel 
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TABLE 9. 

OUTPUT OUTPUT 
VOLTAGE IMPEDANCE FREQUEXCY ANALOG NO CONVERSION 

OF SIGNAL OF SIGNAL RESPONSE SWITCHING MAZIlNUI4 SATBLE 
CONDITION W CONDITIONEX REQUIRED MATRIX RATE R E Q U I m  

I ' 
VOLTS OHIG Hz SAMPLES/SEC 

Rotation Rate 0-5 200 0 t o  1 X 4 
Power 0-5 200 0 t o  1 X 4 

LBNF 
\ 

Pressure 1 0-5 200 0 t o  1 X 4 

CARDIOVASCULAR 

Rigid Shel l  Pressure 0- 5 200 0 t o  50 X 200 
C u f f  Pressure 0-5 200 0 t o  10 X 40 
Invasive Pressure 0-5 200 O t o  10 X @ 

Stra in  Gage 0- 5 200 0 t o  100 X 4.00 
Ultrasonic 0-5 200 0 t o  100 X lcoo 

DISPLAYS SOURCE 

Cardiac Output Computer 
Pleth Left Leg Computer 
Pleth Right Leg Computer 
Pleth A r m  Computer 
LBNP Pressure LBNP 
Ergom Rotat. Rate Ergometer 



4,Q BESCXPTIVE: DWINITIOW & BLOCK B I A G W S  

l Conceptual Design 

4.1.1 Design Objective. - A major object ive  of t h e  Vascular Dynamics \ 

b ~ u b s ~ s t e m  i s  t o  provide a cen t ra l i zed  display and con t ro l  panel designed t o  accept 
 cardiovascular measurements made during exercise  o r  s t r e s s  conditions. In ter-  
connection with t he  Data Management Subsystem w i l l  be provided f o r  complete 
data  handling. 

L 

4.1.2 Des im Concept. - The Display and Control Panel w i l l  be cen t r a l l y  
located at  t h e  PBDM Stat ion.  Analog meters w i l l  be used t o  display t he  required 
data. Switching capab i l i t y  w i l l  be provided i n  the  design t o  s e l ec t  e i t h e r  t h e  
Mercury S t r a i n  Gage o r  Ultrasonic method during limb plethysmography. E i ther  

. r i g h t  o r  l e f t  limb volume changes may be presented. 
' \ 

't The NASA ergometer and LBNP have i n t e g r a l  con t ro l  systems, however, LMSC 
recommends t h a t  con t ro l  units a r e  des i rab le  under d i r e c t  observer control  and 
will provide space provisions a t  t h e  Panel. 

4.2 Block Diagrams 

4.2.1 Equipment Elements. - The Vascular Dynamics Subsystem i s  made UD 

of a d i sp lay  and con t ro l  panel measuring in .  x 19 in .  Six  Weston Model I 3 1  
meters w i l l  be used and w i l l  be designed t o  accept 0-5v output signals.  Two 
pos i t ion  toggle.  switches w i l l  be used. Measurement equipment a r e  i l l u s t r a t e d  
in  Fig. 3 and cons i s t  of A r m  Rigid C u f f  Device f o r  Venous Pressure determination, 
a standard arm cuff ,  pressure transducers,  and bridge amplif iers.  Limb plethys- 
mography equipment cons i s t s  of an Ultrasonic Unit, and a Mercury S t r a in  Gage 
U n i t .  Transducers, ampl i f iers  a r e  used in conjunction with these  un i t s .  Pro- 
v is ions  f o r  connecting and displaying Ekgometer and LBNP data  a r e  shown. 

4.2.1.1 Venous Pressure Measurement. - Venous pressure i s  measured by an 
occluding cuff  with i t s  pressure transducer, a r i g i d  s h e l l  with i t s  pressure 
transducer, two rubber bulbs used a s  small a i r  pumps, and data  managenent 
provisions f o r  d isplaying t he  two pressures. (see  Fig, 4). The occluding cuff 
i s  i n f l a t e d  by i t s  rubber bulb u n t i l  t h e  venous flow i s  reduced, which causes 
t he  arm t o  swell.  This swelling causes an increase  i n  pressure i n  t he  r i g i d  
she l l .  The occluding cuff  pressure i s  then reduced with a r e su l t i ng  decrease 
i n  r i g i d  s h e l l  pressure. Curves of  the  two pressures versus time a r e  presented 
on t h e  monitoring oscil loscope and t h e  venous pressure i s  determined by v i sua l  
ana lys i s  of t h e  curves. The r i g i d  s h e l l  rubber bulb i s  used in checking f o r  
leaks  i n  t h e  s e a l  with t h e  arm. 

4,2.2,2 Ultrasonic Plethysmograph. - The u l t rason ic  plethysmograph 
measures changes i n  acous t ica l  d is tance through a limb segment. It operates by 
feeding an amplitude modulated acous t ica l  signal through t h e  L3nb m d  measuring 
the  phase s M f t  of t h e  modullation a s  the  limb var ies  i n  s ize ,  

A s  i l l u s t r a t e d  in Pig. 5, a s ine  wave e l e c t r i c a l  s i gna l  ( 1 0 0 ~ ~ ~ )  i s  generated 









by the carrier frequency oscillator, and ii cquaro Lnve s i g n e l  (1002 HZ) is genera-- 
Led by t h e  a~odulatian frequency multivibrator, The carrier o i g m ~ l  is 100 prc9n.t 
square wave modulated in the modulator and the modulated signal drives a piezoeiec-tfic: 
transducer which is acoustically coupled to the limb. Another piezoelectric trans- 
ducer converts the modulated acoustic signal back to electrical f o m  to be carries ' frequency amplif ied , demodulated, modulation f rcqucncy amplified, limited, end 
fed into the phase detector. Tho output of the phase detector 13 a voltage 
proportional to the difference in phase between the signal from the limiter and 
rthe signal from the modulation frequency multivibrator as initially adjusted by 
'the phase shifter. This phase shift voltage, proportional to the acoustical 
distance between the transducers is amplified and fed into the analog switching 
matrix for further processing and display. Characteristic of the modulation 
signal will be observed on the monitoring oscilloscope. 



Section 111-E 

APPENDIX 

MEASUREMENT REQUI-S DATA SHEF;TS 

Measurement Requirements Data Sheets have been prepared for the following, 
Vascular Dynamics Measurements; 

'I 4 Y 
Measurement Page No, 

-- Peripheral Venous Pressure (Direct ~echnique) 111-G2A 

- Peripheral Venous Pressure (~ndirect ~echnique) 111-E5A 

- Limb Plethysmography (Strain Gage Method) 1 1 1 - M A  

@ - Limb Plethysmography (Ultrasonic ~ethod) 111-E-12A 

CapiUary Fragility (Rumple Leede) 111-E-15A 



MGASUEIE;TF:FT EEQUIRI!:'EiSE DATA SWEET 

: Periphnrnl Venous Prcosuro (Direct technique) 

IiEASUREMRT DZSC3IPTIGN : Gbtain the peripheral venous blood pressure by means of 
I' an indwelling hypodermic needle in a superficia1,vein 

and recording the pressure tracing output. 

! 
I 

1. Input s ignal  charac ter i s t ics  Straight  l i n e  pressure trace. 

4 \ 
2, Electrodes, transducers Statham SP-37 miniature blood pressure transducer 

and hypodermic needle, 

- 3. Signal conditioner(s) . Stra in  gage dr iver  and amplifier f o r  Statham trans- 
duc'er . 

4. Range of measurement O - 300 m H20 pressure, 

5, Frequency of masurement Once every 1 - 2 weeks, ' 

6, Output s ignal  charac ter i s t ics  

analog/digital  Analog trace. 

amplitude 0 - 5 vol t s  ( a f t e r  amplification). 

frequency range 0 - 10  Hz or higher, 

7, Calibration 

t ype  & t e e m q u a  

f re  quc ncy 

4 2 % of pressure-.equivalent amplitude, 

KanuaP w i t h  aneroid mnomeler 

Before each measurement, 



8, Data handling 

disp lay  analoc/digj.t:il (ra,i, Analog mctcr readout  of pressure only.at vascular 
pr~cessed; local., rcniote; tiynmies panel ,  - .* Continuous. 
continuous, in-terai  tten t ) 

'I . recording a n a ~ o ~ / d i ~ i t a l  Digitized meter readout, Continuous, 
- .  

I (raw, processed; continuous, 
i n t e r n i t t e n t )  

Signal routing programmed. 
- - 

switching 

i manual/verbal data entry Subject ident i f ica t ion  and measuremnt number. 
1 

A/D conversion frequency X/A. 

storage time analog/digital Digitized till next data  dump. 

' \  recording/storage quant i ty  
5' seconds per reading. Seyreral readings may be 

p e r s u b j e c t  taken i f  used during LBNP exposure. 

9 ,  Derived quant i t ies  

other measurements required N / A ~  
simultaneously f o r  calculat- 

Q i ons  

d i g i t a l  computation N/A, 

display analog/digital; loc- - N/A. . 
ation; updating frequency 

recording analog/digital  N/A. 

s torage time analog/digital  N/A, 

10, Comparison with previous data N/A , 

32.. Analog/digiital display range & Digital  readout 0 - 300 mm F20, 2 3 
resolution/accuracy 1) 

3-2, b i n t o u t  f'requency & other re- Once per  readhg,  
qubements 



13. Eiisccllmioous infornm Lion, d r  La i1;i ori rcfcrcriccd i t cnn ,  ctc.  

. Recordiw sewence: sub j echr1 .d  nleasurcrnei~ t idcntifica-tion, pressure, 



PmSmE;7fiT RF;qUiF,iZfi;:?Sz'S DATA SHEET 

SV13-SYSTDf : Vascular Dpamics 
- 6 

mRSUXFENT CROUP : GaAiovascdas  

: Peripheral  venous Pressure ( ~ n d i r e c t  technique ) 

\ PEASURE3ZIJT DESCRIPTION : Obtain t he  per iphera l  venous blood pressure by means of 

\' 
simultaneous recording of the  pressure t rac ings  of a low - 
pressure occlusivs  arm cuff and a riq5.d forearm p l e thpno -  
graph d u r l n ~  ini1:lntion and dcfl;ition of t h o  arm cuff. 

I 

1. Input s igna l  c h a r a c t e r i s t i c s  Arm cuff: bi-phasic s ignal ,  rapid  upslope followed 
bv slow downslope. Plethysmograph: r i s i n g  and f a l -  
ling bi-phasic pressure waveform. 

4 'i 
2, Electrodes, t ransducers Occlusive arm cuff, plenum, pressure squeeze bulb, 

dc,ucer. pressure  t ran-  
Rigid arm plethysmogaph, press=e transducer. 
Two Statham PPI-97 TC (2 0,05 p s i )  pressure  trans- 
ducers o r  equivalent, 

. 3. Signal  condi t ioner(s)  Two strain gage driver/amplif iers f o r  S t a t h a m  t rans-  
ducers. 

4. Range of measurement 0 - 300 mm H20 pressure. 

5. Frequency of measurement Once every 1 - 2 weeks, ' 

6, Output s i gna l  cha rac t e r i s t i c s  

analog/digi t a l  Analog waveforms. 

anrpli tude 0 - 5 vo l t6  ( a f t e r  amplif ication).  

frequency range 0 - 50 Hz o r  higher. 

accuracy/sensit ivi  t y  +_ 5 % of ac tua l  waveform, 

7, Calibrat ion 

type & tecl-anique 

f s e  que ney 

T'hnual with aneroid ranonelere - 

%fore each measure~ent ,  



8, Data handling 

- .display an:ilsF/digi'czl (ra:~, 
processed; local., rcn~otc;  
continuous, i n t e r m i t t e n t )  

4 recording an290g/d ig i ta l  
\ (raw, processed; continuous, 

i n t e r n i t t e n t )  
. I \  - 

!I' man~al/~ro~ranrmed A or D 
switching 

I manual/verbal data entry 
1 

A/D conversion frequency 

storage time analog/digital  

Rap;, -analog waveform on Display Ibd -ko r j  
i n t e m i l t c n t ,  

Raw, d i g i t i z e d  wavef om; intermittent,  

Signal muting propa~med,  

Subject ident i f  cation and measurement munber. - 

250 S ~ S .  

Oigitized till next data dump, 

!\ 
recording/storage quantity Appmx. three minutes per subject f o r  three 

I per subject  complete cycles, 

9 ,  Derived quant i t ies  

other measurements required ~J /A* 
sinultaneously f o r  calculat-  
ions 

d i g i t a l  computation . ~J/A, 

d isplay analog/digital;  loc- N/A. 
ation; updating frequency 

recording analog/digital  N/A , 

storage time analog/digital  N/A, 

10, Cowarison with previous data ~J/A. 

11. ~ n a l o ~ / d i g i t a l  display range & Analog waveform, 2 3 m H20. 
resolution/accuracy 

12,  Pr in tout  frequency et other re- N/A, 
q u b e m n t s  



13. Mis celianaoiis in format ion ,  d e t a i l ;  on r c  fercnccd i t c s s ,  ctc. 

Recoding sequence: subject and incasuremcnt idenficntion, d i g i t i z e d  uavef oms, 
mamaily derived per iphera l  venous blood pressure value. 

Arm Plethysmograph for Xeasuring Peripheral Venous Pressure 

9 



Section 111-E Appendix 

mI\SUllWISNa" IdBQIJT JtI*;P"iF:mS DATA St IEET 

~ ~ s u w M E N T  GRWP Cardisvascu$nr ( V a s d a r  Dynamics) 

8 Limb Plethysmography (straingage method) 

t t p + ~ ~ ~ ~ ~ m m  DESCRIPTION r MeaGwement of  increase i n  lower lee volume as the r e s u l t  of 
H 

\' LBNP exposure, with and without r e s t r i c t i o n  of venous re turn  
by means of an occlusive th igh  cuff, by means of measuring 
r e s i s t ive  changes i n  e lec t ro ly te- f i l led  s t r a i n  gages, 

1, Input s igna l  charac ter i s t ics  The basic  signal consists of  a bi-phasic, repe t i t ive  
wavcfonn, representing t h e  a r t e r i a l  pulse contour,, 

'I \ b 
2, Electrodes, transducers S i l a s t i c  rubber s t r a i n  gages, f i l l ed  with mercury o r  

other  e lectrolyte .  ' 

L. ,Range of  measurement 

Adjustable Wheatstone bridge and variable gain bridge 
output amplifier, 

o - 1 0  $ volu~w change, 

5. Frequency of  measurement Once per 1 - 2 weeks, 

6. Output signal charac ter i s t ics  

analog/digl ta l  Analog voltage. 

anp l i  tcde 0 - 5 vo l t s ,  

frequency range DC - 100 Hz, 
accuracy/sensitivfty a 2  O/oo 

lo h u b r a t i o n .  

t ype  & L e c W q u e  

f ie  que ncg 

Elec"cica1 ca l i b r a t i on  s i ~ n a l s  Included i n  b.%eatsbne 
bridge f o r  2 O/oo and 5 O/oo, xanually operakd ,  

Several t h e s  during mea-emenl 



8, Dab handling 

display ana loc /d i f i l a l  (raw, M ,  analog pEeth:jsrno~r& on f i i sphy  ido&%sr and on. 
processed; l o c a l ,  rcmo-loe pen r e c o d e r ,  ConLimous, 
continuous, i n t e r n i t t e n t  

I \  recording analog/digital Fhw, analog, digit ized, continuous, 
I (raw, processed; continuous, 

in te rmi t ten t )  
i\ 
\\ man~al/~ro~rammed A or  D Signal routing programmed. 

wi t ch ing  

I manual/verbal data entry Subject ident i f ica t ion  and measurement number, 

A/D conversion frequency 2CO sps, 

storage time analog/digLtal Digitized u n t i l  next data dumpo 

'I recording/storage quantity A P P ~ O X *  10 minuteso 
, I per subject  

b 

9 .  Derived quant i t ies  % increase -51 limS voIIme 

other  measurements required 10-second time base. 
simultaneously f o r  calculat- 
ions  .. . 

d i g i t a l  computation See # 13, 
b 

display analog/digital;  loc- Digi tal  display of $ increase in limb volume every 10  
ation; updating frequency secnnds on PBDPL Analog on Vascular Dyna.nics panel t o  

sho~? cunulative volume increase, 
recording analog/digital Digitized value every 10 seconds, 

storage time analog/digital  Digitized un%i3. next data dump, 

10. Comparison with previous data N/A. 

U. Analog/digital display range & % increase in 15x5 volume, 0 - 10 % 2 0.1 % accuracg, 
resolution/taccuracy d ig i t a l ,  Analog 2, 0.5 $ accuracy, 

7 

12. b i n b u t  fieguency & other  re- E E ~ Y  10 s ~ ~ o n d s e  
q3$1.ew&ntst 



Wscehlanaous information, details an rofaronccd item, ctc. 
Recording sewencc: sub j ec t  and mensuri.i:!ent i d e n t i f i c a t i o n ,  pletWys;-.o,~aphic 
node ident i f ica t ion  ( s t r a i n  gage) ,  digital values of  l i m n  voime irkcrease i n  $ 
e v e n  10 seconds dus ing  venous occlusion,  

aphic wavefom, t,orether with a 5 % 
recorded a f t e r  gain reduction t o  1/30, are shown i n  Fig. 1. 

t i o  n pulse 

h 
Flg. 1. Synchronised volume varialions with cardlac pulse. 
Pulse height r 0.3 %a 

A normal, s ingle  stage, venous occlusion plethysmogram i s  erfomed as  follows: 
The plethysmograph amplifier gain i s  reduced to approx. 1 A O .  The pulsations 
of the cardiac pulse a re  now barely v i s ib l e  i n  the baseline signal. 
A t  ffStartn the venous occlusion cuff is rapidly inf la ted  to a pressure somewhat 
above the d i a s to l i c  blood pressure. Ar te r i a l  blood continues t o  flow into the  limb 
segment, causing a gradual volume increase. A f t e r  10 seconds the occlusion pres- 
sure i s  released. 
The volume var ia t ion  per  minute can be calculated; 

V l ~  seconds* 

A more eomple-te evaluation, t o  be included in the FBB, i s  shown on Page 
No, 11-h- A 4, 



13. Miscellaneous informt ion ,  do ta i l s  on referenced i tcme,  etc. 

Occlusion 
released 

I 

Time i n  seconds +P 

When the occlusion of the limb segnent i s  continued, the volume increase per unit 
time (here taken a s  10 seconds) w i l l  gradually decrease, u n t i l  the back pressure in 
the  limb segment i s  equal to  the sys to l ic  blood pressure. A t  t h i s  point no fu r the r  
volume increase w i l l  take place. 

Say t h a t  it takes a t o t a l  of s i x t y  seconds t o  reach this point of maximum f i l l ing .  

The INS must measure the volume increase for each 10-second period, multiply t h i s  
value by six, and record and p r in t  out t h i s  value. The next measurement begins where 
the previous measurement ended. 

The printed record of the experiment shown i n  the above graph would be approximately: 

4.86, 3.42, 2.34, 1.80, 0.90, 0.36 (% volume increase per  minute). 

The f igures  correspond t o  bloodflow i n  an3/100 cm3 of t issue/  minute. 

It i s  f e l t  t h a t  t h i s  procedure provides an excellent representation of venous disten-' 
s i b i l i t y ,  since it i s  only dependent upon the sys to l ic  blood pressurn a t  the t i i e  the 
l a s t  OV measurement i s  taken, and not upon the instantaneous blood flow (= fiLLing 
rate) durlng the meawement of V19 v2, etca 



Section 111-E- Apper~dix 

WSUIIF;WJNa" WQUImW,KS DATA SmET 

SVB-SYSTEM Vascular Dynamics 

~ZASUREMENT GROUP 9: Cardiovas c d a r  (Vascular 

r Limb Plethpmography (ul t rasonic  ~ e t h o d )  

t ~ ~ A S U R E ~ N T  DESCRIPTION r >Ieausranent of increase i n  l o m r  l e g  vo1urr.e as t h e  r e s u l t  of 
cf 
i' LBNP exposure, with and without r e s t r i c t ion  3f venous return 

by means of an occlusive th igh  cuff, by measuring the phase 
angle between transmitted and received ul t rasonic  signals,  

1 

1. Input s ignal  characteristics Pulses of ul t rasonic  square waves. 

t l 
2, Electrodes, transducers Ultrasonic transmit, and receive X-Lals (~ari,um t i t a n a t e  

o r  equivalent); crystal. holder; Score paste  fo r  signal 
coupling. 

3. Signal conditioner(s) Signal generator (100 K ~ a ) ,  milt ivibrator  (50 K HZ),  

amplifiers, demodulator, phase sh i f te r ,  ,phase deitechra 

b.  Range of measurement 0 - 90' phase shift. 

5, Frequency of measurement Once per 1 - 2 weeks, 

6. Output signal c h a r a c b r i s t i c s  

analog/digital  analog voltage. 

a q l i  tude 0 - 5 vol t s ,  

frequency range DC t o  100 Hz. 

accuracy/sensit ivity 005% 

Precalibrated by comparing asainst  strain gage 
technique, i n  conjunction ~ d t h  phase shift se t l b g  , 



8, Data handling 

display anslog/di l i ; i la l  (raw, 
processed; l oca l ,  scnolo; 
continuous, intermittent) 

\ recording ana log/digi ta1 
I (raw, processed; continuoua, 

intermit tent)  
b' 
i' m a n ~ a l / ~ r o ~ r a m e d  A or  D 

switching 

manual/verbal data en t ry  

A/D conversion frequency 

Eaw, analog, d e t e c t o r  sqiare wa-se v ~ t p u t  om Es;plaj. 
1~;o;iitorj 1n"cer;niLten"c b~, analog phase angle pke- 
Lhr-smogran on Display i - I o d t s r  a d  pen recorder; Con- 
t i n u o ~ ~ ~  
Phase angle plethysmogram: raw, analog, d i ~ t i z e d ,  
continuous. 

Signal routing programed, 

Snb j e c t  ident i f ica t ion  and Pknsurement number. 

200 sps. (phase angle p le  thysmogram). 

storage time analog/di&tal Digitized u n t i l  next data dump. 

;\ 
recording/storage quant i ty  Approx, 10 minutes. 

4 \ per  subject  
L 

9, b r i v e d  quant i t ies  4% increase i n  limb volume, 

other  measurements required 10-second time base. 
simultaneously f o r  calculat+ 

9 ,  ions  

d i g i t a l  computation See # 13. 

display analog/digital;  loc- Digi tal  display of $ increase i n  limb volume every 10 
ation; updating frequency seconds on PBEII. L-aalog on Vascular Dynamics panel t o  

show cumulative volute increase. 
recordjng analog/digital  Digitized value every 10 seconds, 

storage t h e  analog/digital  Digitized u n t i l  next data dumpo 

10. Comparison with previous data N/A. 

+ 
11, h b s g / d i g i . k a l  dispby range & $ increase i n  Limb volume, O - 10  % - 0,1 $ accuracy, 

4- resolution/accuracy d ig i t a l .  Analog - 0,s $ accuracy, Tz 

U. P r i n b u t  frequency & other  X"B- Every 10 seconds, 
q*er.~sxll;s 



13. Ydsco%$anoous informat ion ,  de ta i l s  on rsforanced i k m o ,  eLc, 
Recoding semence: subject and mcasuremcnd identification, p1.ethjsrnog~apkiic mode 
Ident if icat ion ( d i ; r a s o d c ) ,  C i E ; l b a l  values of  l i m b  voIuine incrc?ase in ?: e - m r y  
10 seconds, 

PmNCPPLF OF GOMPUTATION. 
i 

The average velocity of ul t rasonic $raves throuqh a limb consisting la rge ly  o f  
muscles and f a t ,  i s  assumed to be 1600 meter/second = 1,600,000 millimeter/second. 

a \ 
,\ For a carr ies  frequency of 100 K Hzy the wavelength 

= 600 Oo0 16 millimeters. 
ioo, ~OT 

! lo of phase s h i f t  corresponds to a limb diameter increase 

= 0.041:5millimeter. A D  = 7 
The percentage increase i n  circumference 

'I 
b 

I 
It has been shown t h a t  

1 % A C  = 2 $AVolume, 

With the i n i t i a l  diameter of the l ixb, D, meadwed, and D provided by the equipment 
as degrees of phase s h i f t ,  the percentage volume increase can be calculated. 

The value of D must be entered into the DTG manually before each measurement run, 
s b 

Recording de ta iqhave  been presented on Measurement Requirements Data Sheets 
II-2&- A 3 and A 4. The same applies f o r  this measurement, 



Section 111-E Appendix 
KT E Q U I W & ? ? T S  DATA SHEET 

: Vascular Dpamies 

P E i l S U a a N T  GRgtlP : Hemtology 
i 

lEASUmlE%'i' t Capillary f i ag  2 i L y  ( ~ u m ~ l e  &eede) 

b\ PSAS~~\IEl"ur DESCRIPTION : Measurement of res is tance t o  rupture of superf ic ia l  
\' cap i l l a r i e s  a s  the r e su l t  of a 5-minute application 

of a blood pressure cuff inf la ted  t o  a pressure of 
100 mrn Kg. 

1, Input signal charac ter i s t ics  V i s u a l  observation only 

. . ' .2. Electrodes, t r ansduce~s  

..- 3. Signal conditioner ( s) 

Standard spygnomnometer cuff with squeeze 
bulb and aneroid nanometer 

k .  Range of  measurement Subjective evaluation 

, 

5;. Frequency of measurement Once per  1-2 weeks ' 

6, Output signal charac ter i s t ics  

analog/digital  

ariiplitude 

frequency range 

accuracy/sensitivi"cy 



disp lay  n n n l o R / d i g i  t n l  (raw, 
processed; l oca l ,  remote; 

N/A 

continuous, interrni"i.err4u) 

i re cording analog/di@tal  Record subjective evaluation, graded ( 0  to 
(raw, processed; continuous, 4) on data entry keyboard 
intenni t tent)  , 

* '  
t ' rnanual/programmed A or  D N/A 

switching 

manual/verbal data entry Subject ident i f ica t ion  and measurement 
number 

A/D conversion frequency N/A 

storage time anolog/digltal  Digitized evaluation till next da'ta dump. 

;\ recordirg/storags quanti-by Minimal 
4 8 per  subject 

9 .  Derived quant i t ies  

other measurements required 
sirc\.ultaneously f o r  c a l c u l a b  

N/A 

ions  

d i g i t a l  computation 

display analog/digital;  loc- N/A 
ation; updating frequency 

recording analog/digital  

storage time analog/digital  N/A 

10. Comparison with previous data 

XL, Analog/digital di,*lay range & 
re solution/accuracy 

2.2, fii;nLout fSesquency & other re- 
c;&emnts 

Once per 1 - 2 weeks 



13. bEscsllancous irJorxation, details on roforcneed l kcas, etc, 

, - \  
Reeordirig sequence; s l~bjecL and rl~eosuren?cnt idr>nt . i i" icr~- t ioq n ~ m s r i c a l  value 

1 o f  subject ive  ohse rva t ion  of suposficiaL petecidnl  hcmomkiages) 
d i s d d  t o  blood presswe cuff,  
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1.0 INTRODUCTION 

Th i s  document e s t a b l i s h e s  t h e  requirements f o r  t h e  perfom,ance and de s ign  
of theRespiratoryI.Ieasurerr:ent Subsystem togt2ther lili th the requirernenbs necessary  
t o  provide i n t e r f a c e  w i t h  o the r  FBB subsystems. The Resp i r a to ry  Xeasurenent S u b  
system i s  comprised of two open-loop f low c i r c u i t s ,  rap id- respqnse  gas anal,yzers,  
i n t e g r a t i n g  f lowmeters ,  and a s imple arrangement of  c o n t r o l  v a l v e s .  The Resp i r a to ry  
Measurement System w i l l  be used t o  o b t a i n  twenty-f ive pulmonary measurements 
and i n  a d d i t i o n ,  provide  c a l i b r a t i o n ,  i n s t rumen t  swi tch ing  and c o n t r o l ,  and 
connect ion t o  t h e  PBDM f o r  numerous computat ional  ope ra t ions .  

2.0 APPLICABLE DOCUMENTS 

S e c t i o n  1 1 1 - A  FBB System Requirements document c o n t a i n s  a l l  a p p l i c a b l e  
documents. 

3.0 TECHNICAL REQUIREMENTS 

3.1 Performance 

3.1.1 F u n c t i o n a l  Requirements.  - 

3.1.1.1 Overa l l  System Requirements.  - The R e s p i r a t o r y  Subsystem w i l l  be 
capable  of o b t a i n i n g  r e s p i r a t o r y  measurements i n  t h e  fo l lowing  a r e a s :  ( a )  l u n g  
volumes, ( b )  v e n t i l a t i o n ,  ( c )  b r e a t h i n g  mechanics, and ( d )  gas  d i s t r i b u t i o n .  
Measurement d a t a  w i l l  be d isp layed  on CRT moni tors  and d i g i t a l  r eadou t s ,  and 
p re se rved  on p e r i p h e r a l  t a p e  r eco rd ing  equipment and o s c i l l o g r a p h i c  r eco rde r s .  

The r e s p i r a t o r y  measurement c a t e g o r i e s ,  measurement i d e n t i f i c a t i o n ,  and 
a s s o c i a t e d  equipment i t ems  a r e  g iven  i n  Table 1. 

A l l  r e s p i r a t o r y  measurements w i l l  be  obta ined  w i t h  t h e  s u b j e c t  s t a t i o n e d  
a t  t h e  i n t e g r a t e d  r e s p i r a t o r y  equipment s e c t i o n .  The subject /equipment  i n t e r -  
f a c e  he igh t  must b e  a d j u s t a b l e  t o  accommodate anthropometr ic  v a r i a n c e  and a l low 
f o r  performance o f  i n d i v i d u a l  s u b j e c t s  on a b i c y c l e  ergometer.  

Gas ana lyze r s  and flowmeters w i l l  be p r e c a l i b r a t e d ;  however, p re-  and 
post-measurement c a l i b r a t i o n s  ( e l e c t r i c a l  o n l y )  a r e  t o  be i n t e g r a t e d  i n t o  t h e  
p re l imina ry  measurement r o u t i n e s  of  t h e  d a t a  management system. Appropr ia te  
r o u t i n g  of s i g n a l s  from t h e  f lowmeters  and gas  ana lyze r s  i s  a l s o  t o  be handled 
by t h e  d a t a  management system. Computations f o r  c e r t a i n  r e s p i r a t o r y  measurements 
are complex, however, t h e  r equ i r ed  computations can g e n e r a l l y  be ca t egor i zed  as 

P 

fol lows : 

(a) t hose  which r e q u i r e  t h e  i n t r o d u c t i o n  of  one o r  more s c a l i n g  f a c t o r s  

( b )  s i g n a l  d e l a y  r o u t i n e s  ( l oop ing )  

( c )  " m u l t i p l i e r "  r o u t i n e s  where two or  more processed o u t p u t s  a r e  involved 

( d )  simple i n t e g r a t i o n s  over  p r e s e l e c t e d  time pe r iods .  
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I n  a d d i t i o n  t o  the  Resp i r a to ry  Mcnr,uremcnts, t h e  Resp i r a to ry  Subsystem 
w i l l  be r e s p o n s i b l e  f o r  lnor~i toring te!r:peraLure, p re s su re ,  hiunidity, and atmos- 
p h e r i c  composition. The range and accurzcy of t h e  measurements w i l l  be: 

Rnnga Accuracy 

Ambient tempera ture  32 t o  1 2 2 ' ~  - + 1 / 2 O ~  

Ambient humidity 1 0  t o  99% RH - + 3% RH 

Ambient p re s su re  710 t o  790 mm Hg - + 1 mm Hg 

Nitrogen c o n t e n t  0 t o  8'5% 

Oxygen c o n t e n t  1 t o  100% + 1/2% 
( i n  th; 11 t o  21% range )  

Carbon d iox ide  c o n t e n t  0 t o  10% 0.125% 

The e f f e c t s  o f  non-standard cab in  atmosphere on pulmonary measurements f o r  
t h e  F l i g h t  1l"iBLI"S could p o s s i b l y  be q u i t e  profound. V a r i a t i o n s  i n  t o t a l  p r e s s u r e  
a r e  l e s s  of a problem than  v a r i a t i o n s  i n  t h e  oxygen/nitrogen r a t i o .  Standard 
c o r r e c t i o n  f a c t o r s  f o r  r e s p i r a t o r y  gas equa t ions  would be  i n v a l i d  i n  t h e  l a t t e r  
case .  A voluminous amount of computer s t o r a g e  space f o r  pulmonary t a b l e  d a t a  

'would be r equ i r ed  t o  perform t h e  necessary  computations.  A s o l u t i o n  t o  this 
F l i g h t  IMBIMS problem would be t o  provide t h e  necessary  q u a n t i t y  of s tandard-  
composi t ion gases  o r  perform t h e  computations on t h e  ground. Puh,onary ca lcu-  
l a t i o n s  f o r  t h e  FBB w i l l  be based on a normal gas  composition and u s u a l  v a r i a t i o n s  
i n  atmospheric  p re s su re .  

3.1.1.2 I n d i v i d u a l  T e s t  Requirements. - The f u n c t i o n a l  requi rements  f o r  
each  of t h e  pulmonary measurements i s  g iven  i n  this s e c t i o n .  A d e s c r i p t i o n  of  
t h e  ou tpu t  s i g n a l  c h a r a c t e r i s t i c s  and computations a s s o c i a t e d  w i t h  each measure- 
ment may be  found i n  t h e  S e c t i o n  111-F Appendix. 

Mode A - ( ~ p i r o m e t r y  ~ e a s u r e m e n t s ) .  - Standard sp i rome t r i c  measurements 
a r e  performed w i t h  a system t h a t  i nco rpora t e s  t h e  f o l l o x i n g  equipment: mouthpiece, 
pneumotachometer head, f low t r ansduce r ,  and volume i n t e g r a t o r .  

The flow t r a n s d u c e r  conve r t s  t h e  A p r e s s u r e  a c r o s s  t h e  pneumotachometer 
head i n t o  a s i g n a l  which i s  p r o p o r t i o n a l  t o  f low.  This  s i g n a l  i s  f e d  i n t o  t h e  
volume i n t e g r a t o r  t o  o b t a i n  a volumetr ic  measurement of t h e  i n s p i r e d  and/or 
t h e  exp i r ed  a i r .  The ou tpu t s  from t h e  flow t r ansduce r  and volurne i n t e g r a t o r  a r e  
processed by  t h e  d a t a  management system t o  o b t a i n  a  d i g i t a l  r e p r e s e n t a t i o n  of 
f low and volume. I n  o rde r  t o  o b t a i n  t h e  d e s i r e d  accuracy of t h e s e  measurements, f 

it i s  necessary  t o  measure t h e  temperature of t h e  e - q i r e d  a i r  and t h e  barometr ic  
p r e s s u r e .  

. - The measure - 
rce n t  red n i t r o g e n  
de t e rmina t ions  r e q u i r e  t h e  sane equipncnt a s  used i n  Xode A augxented by a one- 
way va lve  (which s e p a r a t e s  the  i n s p i r e d  frcril t he  expi red  a i r  ) and yas 
analyzers t o  de te rmine  t h e  p a r t i a l  p re s su re  of oxygen, carbon dioxide  and 
n i t r o g e n .  The o u t p u t s  from t h e  gas ana lyze r s  a r e  f e d  i n t o  t h e  d a t a  managexent 



systein i n  o rde r  t o  perform t h e  necessary con~pu ta t ions ,  

tTodc C ( s p e c i a l  ?4cns~ireri?erits), - S p e c i a l  equiprner,% i tems a r e  r equ i r ed  f o r  
t h e  measurement of t h e  f oll.owing pal-mo r,ors : lung corapliance, airway r e s i s t a n c e ;  
d i f f u s i v e  c a p a c i t y  and ca rd i ac  ou tpu t .  

This  equipment i nc ludes  a box-balloon assembly, a r e b r e a t h i n g  bag, a 
flow i n t e r r u p t e r  , a p res su re  t r ansduce r ,  a n  esophageal  ba l loon ,  and He and CO 
gas ana lyze r s .  S ince  i t  i s  necessary  t o  measure t h e  volume of  t h e  gas mixture 
i n s p i r e d  from t h e  box-balloon assembly, a  pnewnotachoxeter i s  r equ i r ed  f o r  d e t e r -  
mina t ion  of t h e  i n s p i r e d  volume. 

Routine pulmonary measurements w i l l  inc lude :  

V i t a l  Capac i ty  (VC) 

Timed Vi ta l  Capac i ty  (VC1tt, VCJtI ) 

T i d a l  Volume (vT)  

Minute T i d a l  Volume (MTV) 

Exp i r a to ry  Reserve Volume (ERV ) 

. I n s p i r a t o r y  C a p a c i t y  (IC ) 

Maximum Brea th ing  Capaci ty  (MBC) 

Maximum I n s p i r a t o r y  Flow (MIF) 

Maximum E x p i r a t o r y  Flow (IvEF) 

Vital  Capac i ty  (vc) .  - Thi s  t e s t  p rov ides  a measure of t h e  s u b j e c t ' s  func-  
t i o n a l  l ung  voluiie; t h a t  is, the  maximum volume of gas  t h a t  can  b e  expe l l ed  
fo l lowing  a maximum i n s p i r a t i o n .  Vi ta l  c a p a c i t y  i s  t h e  most wide ly  used measure- 
ment f o r  a s s e s s i n g  o v e r a l l  pulmonary func t ion .  

Timed V i t a l  Capac i ty  (vc~ , , ,  VCJll). - This  i s  a s h p l e  t e s t  which measures 
t h e  volume t h a t  i s  exp i r ed  by maximal e f f o r t  a t  1 and 3 seconds. This  measurement 
provides  a n  i n d i c a t i o n  of t he  f o r c e  o r  s t r e n g t h  of e x p i r a t i o n .  

T i d a l  Volume ( v ~ ) .  - T i d a l  volume i s  t h e  depth  of normal b rea th ing ,  i . e . ,  
t h e  volume of gas  i n s p i r e d  o r  expi red  dur ing  each r e s p i r a t o r y  cyc l e .  Th i s  
measurement p rov ides  an i n d i c a t i o n  of t h e  adequacy of puLnonary v e n t i l a t i o n .  
Other f a c t o r s  must be cons idered  a long  wi th  t h e  t i d a l  volume i n  order  t o  make 1 

a proper  assessment  of t h e  adequacy of a l v e o l a r  v e n t i l a t i o n .  

Minute T i d a l  Volume ( M T V ) .  - This  i s  a measurement of t h e  v o l m e  of a i r  
i n s p i r e d  o r  exp i r ed  du r ing  t h e  course  of one minute.  This  i s  p e r f o m d  wi th  a 
i n t e g r a t i n g  flowmeter which t o t a l i z e s  t h e  exp i r ed  p o r t i o n s  of normal b rea th ing .  

. - Thi s  i s  t h e  maxinal volune of gas t h a t  
can be expi red  from t h e  normal end-expi ra tory  l e v e l .  This measurement i s  s u b j e c t  
t o  cons iderable  v a r i a b i l i t y  even w i t h i n  t h e  same s u b j e c t .  Normally t h e  r e s p i r a t o r y  



reserve volume i s  25'76 of t h e  v i t a l  c ~ p r i c  i 1 , ~ .  

- This : :; i,ho m a x i m n l  volume of  gas t h a t  can be 
C * , Z  i n s p i r e d  from a resting e:.rpiratory l f , ve l .  I ;!is i s  t o  be de r ived  from t h e  measure- 

ments of v i t a l  c a p a c i t y  and o x p i r a  tory , -o. ,r!  F J ~  V O ~ U ; ? ~ ,  i r B * > 

I C  = VC - ERV 

The i n s p i r a t o r y  c a p a c i t y  is normally 75% of t h e  v i t a l  c a p a c i t y .  

Maximum Breathing Capaci ty ( ! - ~ B c ) .  - T h i s  i s  t h e  maximal volume of gas  t h a t  
can  be brea thed  per  minute.  I n  t h i s  measurc;.:nent procedures ,  t h e  s u b j e c t  moves 
as much a ir  as p o s s i b l e  du r ing  a 15 second per iod .  The a b i l i t y  of t h e  s u b j e c t  
t o  b r e a t h  a t  s u s t a i n e d  h igh  v e l o c i t y  i s  dc;pendent upon s e v e r a l  f a c t o r s :  t h e  
muscular f o r c e  a v a i l a b l e ,  t h e  compliance of t h e  lungs  and t h o r a c i c  cage, and 
t h e  r e s i s t a n c e  of t h e  airway and pulmonaxy t i s s u e s .  Th i s  measurement i s  p e r -  
formed w i t h  a florimeter,  and a n  i n t e g r a t o r  which t o t a l i z e s  t he  expi red  volumd 
measurement. 

M a x i m m  I n s p i r a t o r y  Flow (PIIF). - Thi s  t e s t  p rovides  a measure of t h e  
r a p i d i t y  w i th  which a  s u b j e c t  f i l l s  h i s  l u ~ l p .  It does not  provide in fo rma t ion  
as t o  t h e  s p e c i f i c  mechanical  f a c t o r s  involved  b u t  it s e p a r a t e s  i n s p i r a t o r y  and 
e x p i r a t o r y  e f f o r t s .  The measured va lue  i s  expressed  i n  l i t e r s  p e r  second and may 
be ob ta ined  d i r e c t l y  from t h e  flowmeter o u t p u t  s i g n a l .  

Maximan Exp i r a to ry  Flow (MEF). - This i s  t h e  maximum f low r a t e  a t t a i n a b l e  
du r ing  e x p i r a t i o n .  The d i s c u s s i o n  under Maximum I n s p i r a t o r y  Flow i s  app l i cab le .  

The remaining pulmonary measurements a r e  as fo l lows  : 

Res idua l  Volume ( v ~ ) .  - Thi s  i s  t h e  mcasure of t h e  volume of  a i r  remaining 
i n  t h e  l u n g s  a f t e r  a maximum e x p i r a t i o n .  The measurement procedure r e q u i r e s  t h e  
s u b j e c t  t o  b r e a t h  100% oxygen u n t i l  t h e  n i t r o g e n ,  which fo rmer ly  made up 80% o f  
t h e  r e s i d u a l  volume, i s  removed. The o u t p u t  s i g n a l s  from t h e  f lopmeter  and 
n i t r o g e n  ana lyze r  provide an  exponen t i a l  decay func t ion  from which t h e  computation 
of r e s i d u a l  volume may be obta ined .  

T o t a l  Lung Capaci ty  (TLC) .  - This  i s  the  volume of gas  conta ined  i n  t h e  
lung  a t  t h e  end of a maximal i n s p i r a t i o n .  T o t a l  l ung  c a p a c i t y  i s  der ived  from 
measurement of v i t a l  c a p a c i t y  and r e s i d u a l  volume (VR). 

TLC = VR + VC 

Alveolar  D i s t r i b u t i o n  ( v * )  - This t o s t  p rovides  a semi -qua l i t a t i ve  measure 
of t h e  evenness of gas  d i s t r i b u t i o n  i n  t h a  a l v e o l i  of t h e  lung .  The s u b j e c t  
i n s p i r e s  a s i n g l e  bFea th  of 100% oxygen and e x p i r e s  slowly. The change i n  t h e  
f r a c t i o n a l  concen t r a t ion  o f  n i t r o g e n  betweon 750 and 1250 m l  of exp i r ed  air i s  P 

t he  measurement of i n t e r e s t .  

R e s p i r a t o r y  Deadspace OD). - This  ;:; def ined  as t h e  volume of gas conta ined  
i n  t h e  conduct ing passages  of t h e  p u l n o m r y  system between t h e  s u b j e c t ' s  mouth 
and t h e  a l v e l o i .  - ~ b  o b t a i n  a  measure of dr; ia  space the  sub j e c l  must i n s p i r e  a 
s i n g l e  b r e a t h  of 100% oxygen and the  expi rod  a ir  must be monitored f o r  i t s  



L t r o g c n  concen t r a t ion  acci t o  La1 vol~li.!e, 

n T ) i  i i j  L c I ~ ,  i r i  tii- I I I T i ~ ~ ~ l L  (F !to2, CO* L- 
7- l-ie f r a c t i o n a l  co r i cen~r -ah  on of o x ~  :2r1  LI, I c r  rL3n d l o ~ ~ d n  a t  t h e  end- 
e x p i r a t o r y  l e v e l  c l o s e l y  approxlr, lt es  t,h-tt of a l v e o l a r  a i r .  fils 2sureme n t  of t hese  
v a l u e s  may be accomplished by  peak-de tec t ion  of t h e  s i g n a l  o u t p u t s  from the  C02 
a .d  O2 gas ana lyze r s .  The minimal r s a d i n g  of  oxygen concen t r a t ion  and the  maximal 
r e a d i n g  of carbon d ioxide  a r e  cons idered  t o  be r e p r e s e n t a t i v e  of a l v e o l a r  a i r .  

Carbon Dioxide Product ion  (vCO,). - This  measurement p rov ides  an i n d i c a t i o n  
cf t h e  a c t i v i t y  l e v e l  of t h e  s u b j e c t ;  it t ends  t o  i nz rease  i n  e x e r c i s e  and i n  
s t a t e s  of  anx ie ty .  A c t u a l  measurement r e q u i r e s  monitor ing t h e  volume and f r a c t i o n a l  
c o n c e n t r a t i o n  of carbon d ioxide  i n  t he  exp i r ed  a i r .  This  measurement i s  t o  be  
provided  on a  cont inuous ,  as w e l l  as, a brea th-by-brea th  b a s i s .  

Oxygen Consumption ( V  ) . - Oxygen consumption i s  def ined  a s  t h e  volume 'of 
o m e e n  consumed by  t h e  subygct  p e r  minute.  This  measurement r e q u i r e s  a n a l y s i s  " - 
of s e v e r a l  parameters:  i n s p i r e d  oxygen concen t r a t ion ,  expi red  oxygen concent ra -  
t i o n ,  exp i r ed  volume, ambient prsessure,  and exp i r ed  n i t r o g e n  concen t r a t ion .  
(See  Sec t ion  111-F-Appendix f o r  d e t a i l s  of t h e  computations ) . Oxygen consumption 
i s  t o  be  computed on a cont inuous,  as w e l l  a s ,  a  brea th-by-brea th  b a s i s .  

R e s p i r a t o r y  Q u o t i e n t  (R.Q. ) . - Knowledge of t h e  Resp i r a to ry  Q u o t i e n t  va lue  
p rov ides  informat ion  about  t h e  o x i d a t i o n  of f o o d s t u f f s .  Th i s  measurement i s  de- 
f i n e d  as t h e  r a t i o  of  carbon d ioxide  produced t o  oxygen consumed. Therefore,  it 

. i s  ob ta ined  d i r e c t l y  from t h e s e  two measurements. 

D i f fus ing  Capaci ty  ( D ~ ~ ) .  - Thi s  i s  a measure of a b i l i t y  of  t h e  l m g  t o  
move t h e  i n s p i r e d  gases  from t h e  a l v e o l i  t o  t h e  pulxonary blood v e s s e l s .  This  
measurement i s  t o  b e  ob ta ined  us ing  t h e  Single-Breath,  Carbon Monoxide Kethod. 
The s u b j e c t  i s  r e q u i r e d  t o  i n s p i r e  maximally from a mixture of known concentra-  
t i o n s  o f  carbon d ioxide  and helium. The s u b j e c t  t hen  brea th-holds  f o r  approxi-  
mate ly  t e n  seconds. The a l v e o l a r  gas  i s  c o l l e c t e d  and analyzed w i t h  t h e  CO and 
He ana lyze r s ,  and from t h i s ,  t h e  D i f f u s i n g  Capaci ty  c a l c u l a t e d .  

Card iac  Output.  - The Carbon Dioxide Rebreathing Kethod is t o  b e  used f o r  
t h e  de te rmina t ion  of c a r d i a c  ou tpu t .  This  i nvo lves  t h e  r e b r e a t h i n g  of a known 
mixture of carbon d iox ide  from a bag and t h e  s imultaneous moni tor ing  of t h e  
f r a c t i o n a l  c o n c e n t r a t i o n  of carbon d iox ide .  The va lue  of i n t e r e s t  i s  t h e  e q u i l i -  
b r a t i o n  p o i n t  of carbon d ioxide  i n  t he  s u b j e c t ' s  expi red  v o l m e  and i n  t he  con- 
t e n t s  of  t h e  r e b r e a t h i n g  bag. P r i o r  de t e rmina t ion  of t h e  s u b j e c t ' s  carbon d iox ide  
p roduc t ion  pe rmi t s  t h e  computation of t h e  c a r d i a c  ou tpu t .  

Pulmonary Airway Res i s t ance .  - The measuremen-t of pulmonary r e s i s t a n c e  i s  
t o  be performed wi th  t h e  " i n t e r r u p t e r "  technique .  This  procedures  involves  a  
s p e c i a l  p i ece  of equipment which i n t e r r u p t s  t h e  a i r  flow i n  t h e  b r e a t h i n g  c i r -  il 

c u i t .  A p re s su re - sens ing  element i s  inco rpora t ed  i n  t o  t h e  design of t he  t r a c h e a l  
s i d e  of t h e  appa r tus .  The measured p re s su re  and t h e  ( p r e - i n t e r r u p t e d )  flow 
v a l u e  are used t o  compute the  airway r e s i s t a n c e .  

. - This  measurement r e q u i r e s  the de temAnat ion  of ( a )  i n t r a -  
p l e u r a l  p ressure  , and ( b )  i n s p i r e d  volmie . An esophageal  ba l ioon  i s  s>~al ioi ;ed 
by t h e  s u b j e c t  f o r  t h e  purpose of measuring i n t r a p l e u r a l  p re s su re .  A f l o ~ k x e t e r  
i s  used t o  measure t h e  i n s p i r e d  v o l u m e  Ths s u b j e c t  b r e a t h s  a t  p rog res s ive ly  



i n c r e a s e d  v o l u ~ e s ,  f o r  a t  l e n z L  3 brc:n t,:,:;. ' i ' h 8 3  p r c c , ~ s r c  i n  t h e  csophn2i:al G'liE3011 
i s  recorded a t  t h e  peak of each 1n;pLrallon. Tiio :.i;ulrutlnt d a b  is ploi , tcd  O n  

a p r e s s u r e - v o l ~ ~ n e  curve .  'me s l o p e  o f  t i i t ?  l i n e  conrir:c:tlng the  p o i n t s  r e p r e s e n t s  
t he  lung  compliance. 

3.2 I n t e r f a c e  R e r ~ i ~ i s e m ~ n t , s  

The i n t e r f a c e  requi rements  and c o n s t r a i n t s  imposed by t h e  f u n c t i o n a l ,  phys i ca l  
and p rocedura l  r e l a t i o n s h i p s  between the  Resp i r a to ry  Subsystem and t h e  PBIPT sta- 
t i o n ,  and between t h e  r e s p i r a t o r y  Subsystem, the ope ra to r ,  and t h e  s u b j e c t  w i l l  
be d i scussed  below. 

3.2.1 I n t e r f a c e  Requirements - Sub.iect /Respiratory Equipment. - R e s p i r a t o r y  
measurements r e q u i r e  c l o s e  and d i r e c t  c o n t a c t  between the  s u b j e c t  and i n i t i a l  
measurement equipment. This  i s  due t o  t h e  s e n s i t i v i t y  of t h e  equipment, t h e  need 
f o r  minimizing p re s su re  drop through t h e  duc t ing  i n  o r d e r  t o  avoid  u n n a t u r a l l y  
g r e a t  b r e a t h i n g  e f f o r t  and t h e  n e c e s s i t y  of avoiding t h e  t r a n s i t  t ime d e l a y  and 
t h e  d i l u t i o n  which occur  i f  t h e  duc t  o r  sampling l i n e s  a r e  t o o  long .  

The s u b j e c t l s  degree of p a r t i c i p a t i o n  i n  t h e  r e s p i r a t o r y  measurement, i n  
bo th  p a s s i v e  and a c t i v e  modes i s  r e s t r i c t e d  t o  performing s p e c i f i e d  b r e a t h i n g  
maneuvers. This  imposes t h e  requi rement  t o  provide  c r i t i c a l  measurement equip-  
ment at  the  s u b j e c t ' s  l o c a t i o n  and d i s p l a y  and c o n t r o l  equipment a t  a nearby 
o p e r a t o r  1s p o s i t i o n .  

3.2.2 I n t e r f a c e  Requirements - Resp i r a to ry  E a u i p n e n t / P ~ ~ 4  S t a t i o n .  - Deter -  
mina t ion  of t h e  s u b j e c t  ' s r e s p i r a t o r y  f u n c t i o n s  r e q u i r e  d a t a  which a r e  e i t h e r  
d i r e c t  measurements ( e  . g. , f l o x  r a t e  o r  gas cornposi+,ion) o r  i n d i r e c t  r e q u i r i n g  
computation suppor t  f o r  der ived  r e s u l t s .  Gas ana lyses  provide e l e c t r i c a l  ou tpu t  
normal ly  d i r e c t e d  t o  d i s p l a y  me te r s  f o r  q u a n t i t a t i v e  p r e s e n t a t i o n  of gas composi- 
t i o n .  CO2, and N p  Gas Analyzers a r e  t y p i c a l  examples. Way of t h e  d isp layed  
o u t p u t s  a r e  n o t  s i g n i f i c a n t  by themselves b u t a r e  u t i l i z e d  i n  computing der ived  
q u a n t i t i e s .  

The major i n t e r f a c e  between t h e  r e s p i r a t o r y  equipment and t h e  PBGM s t a t i o n  
p e r f o r n s  t h e  f u n c t i o n  of r o u t i n g  e l e c t r i c a l  d a t a  t o  the  P B M  s t a t i o n  f o r  ana log  
swi tch ing ,  d i g i t a l  computation, and u l t i m a t e l y  d i g i t a l  readout/recording.  

3.2.3 I n t e r f a c e  Requirements - Resp i r a to ry  E q u i p e n t  and Operator.  - While 
o p e r a t i n g  t h e  Resp i r a to ry  Subsystem, it i s  necessary t o  have the  s u b j e c t  phy- 
s i c a l l y  a d j a c e n t  t o  t h e  s t a t i o n  and t h e  ope ra to r .  Th i s  t h e  opera tor  
t o  e s t a b l i s h  in i t ia l  c a l i b r a t i o n  and have the  s u b j e c t  coord ina te  h i s  b r e a t h i n g  
w i t h  duc t  va lve  ope ra t ion  du r ing  t h e  t e s t s .  The o p e r a t o r ' s  prime d u t i e s  dur ing  
r e s p i r a t o r y  measurements a r e  t o  e s t a b l i s h  c o r r e c t  procedura l  s t e p s ,  monitor t h e  
neasurement range, ensure t h e  v a l i d i t y  of the  t e s t ,  and monitor t h e  well-being 
of t h e  s u b j e c t .  % 

3.3 -1 General  F e a t u r e s .  - Cons i s t en t  w i th  t h e  d e s i g n  phi losophy of e ~ ~ p l o y i n g  
equipment o r i e n t a t e d  tovrard spacefli , :ht  hardxare,  b r e a t h i n g  f l o w r a t e s  and a c c ~ ~ . u -  
l a t e d  volumes of expi red  b r e a t h  should be measured not b y  t h e  convent iona l  bulky 



sp i rome te r s ,  but by pne runo t~ch~yraphs  f o r  rsLe of f l o i r ,  ana e i e c t r g n l c  integration 
of this Eloir Lo o b t a i n  volume, D ~ n u  alr sp3oc i n  t h e  b rea th ing  d u c t s  s h o ~ ~ b d  be 
mininized, and the sampling l ~ n e s  t o  Grie gi:; a n a l y z e r s  should be s h o r t .  S p e c i a l  
equipment i t ems ,  such a s  a box ba l loon ,  L J ~ I L C ~  a r e  requi red  f o r  c e r t a i n  pul-rmary 
rneasurernents, should be i n t e g r a t e d  i n t o  t!le t o t a l  design of the R e s p i r a t o r y  
Measurement System. 

Accurate a n a l y s i s  of r e s p i r a t o r y  gascs is  e s s e n t i a l  f o r  many of t h e  measure- 
ments planned f o r  t h e  FBB. Breath-to-breath determina t ions  r e q u i r e  t he  use of 
gas  a n a l y z e r s  w i t h  response times of l e s s  t han  0 . 1  seconds. 

The pr imary measurments should be d isp layed  on analog meters .  A c a p a b i l i t y  
f o r  v i s i b l e  c h a r t  r eco rd ing  should be  a v a i l a b l e  f o r  FBB t e s t  eva lua t ion .  Those 
q u a n t i t i e s  needed t o  perform computations should be routed  t o  t h e  d a t a  manage- 
ment system. 

The p h y s i c a l  c o n f i g u r a t i o n  of t h e  r e s p i r a t o r y  measurement equipment should 
p r o ~ i d e  f o r  t h r e e  main groupings: ( 1 )  a plumbing arrangement of d u c t s ,  va lves ,  
f lowmeters ,  e t c  .; ( a )  an a r r a y  of gas ana lyze r s  p l u s  box-balloon, environmental  
monitors  and micromanometer; and (3)  a group of e l e c t r o n i c  equipment a s s o c i a t e d  
wi th  the  flowmeters.  

Th i s  equipment w i l l  be  arranged f o r  optimum performance i n  s e v e r a l  modes. 

3 .3 .2  Equipinent Requirements. - 
3.3.2.1 Flowmeters, Valves and Plumbing. - The p lunbing  duc t s  should have 

minimum bends and be s h o r t  and no t  l e s s  t han  one inch  i n s i d e  diameter  t o  minimize, 
r e s i s t a n c e  t o  flow. The f lowpath t o  and from t h e  mouthpiece must be d i r e c t e d  
by a va lve  t o  one of f o u r  duc t s  t o  provide  r o u t i n g  t o  d i f f e r e n t  equipment t o  
perform v a r i o u s  measurements. S e v e r a l  o the r  two p o s i t i o n  v a l v e s  w i l l  b e  needed 
t o  d i r e c t  branch f low.  

Pulmonary a i rway  r e s i s t a n c e  measurements r e q u i r e s  a r a p i d l y  c l o s i n g  and 
opening e l e c t r i c a l l y  a c t u a t e d  flow i n t e r r u p t e r .  

A 1TJ" va lve  i s  r equ i r ed  t o  provide  s e p a r a t e  p a t h s  f o r  i n s p i r a t i o n  and ex- 
p i r a t i o n  dur ing  Mode B ope ra t ion .  This  J va lve  should have a p re s su re  drop of 
l e s s  t h a n  5 cm of water  a t  a f low r a t e  of 500 l i t e r s  per  minute.  

The f low meters  should have a l i n e a r  r e l a t i o n s h i p  of p r e s s u r e  drop t o  f low 
and b e  a b l e  t o  measure f lows up t o  500 l i t e r s  per  minute w i t h  a p re s su re  drop 
of  l e s s  t han  1.1 cm of  water .  

3 .3.2.2 Transducers  and S i g n a l  Condi t ioners .  - Basic output  c h a r a c t e r i s t i c s  
which a l l  of the s i g n a l  cond i t i one r s  should have i s  a DC vo l t age  range of 0 t o  5 F 

and an  o u t p u t  inpedance of l e s s  than  200 ohms. A m a j o r i t y  of t h e  equipnent  does 
n o t  meet t h e s e  l i m i t s  and w i l l  t h e r e f o r e  r e q u i r e  b u f f e r  a m p l i f i e r s  be fo re  i n t e r -  
f a c i n g  w i t h  t h e  d a t a  management system. 

The p re s su re  d i f f e r e n c e s  generated by t h e  f l o m e t e r s  need t o  be converted 
t o  an e l e c t r i c a l  s i g n a l .  This  flow s i g n a l  a l s o  must be i n t e g r a t e d  e l e c t r i c a l l y  
t o  produce a s i g n a l  analogous t o  volurne. 



ii t h i r d  pressure trxnscii~cer r l i - i l l .  '?I-: r,.?c:!er! inaa;rl;re t he  pressins p u l s e  
which occurs  when t h e  Plow i n  ten-i~pter c l o s e s  ; i ; h i  l; trarlsdtices s h o u l d  be capable 
of h z n d l i n g  p r e s s u r e s  up t o  0 .2  psici -;~ril,!-t n r a p i d  r ~ s p o n s e ,  

I n  o r d e r  t o  enable  a computer t o  c o r r e c t  f o r  t h e  e f f e c t  of temperature 
v a r i a t i o n s  on f lowme t e n ,  a p i d  response  tne r r n i i j t ~ i " ~  will be r equ i r ed  a t  bo th  
of t he  f l o ~ m e t e r s .  The s i g n a l  conai t ior i .?r  f o r  ti-lost t h e m i s t - o r s  must no t  d i s s i p a t e  
more than  0.1 m i l l i w a t t  i n  each thc r in i s to r  l e s t  i t  bccme  heated and g ives  a 
f a l s e  r ead ing .  

3.3.2.3 Gas Analyzers.  - A t o t a l  of f i v e  gas ana lyze r s  w i l l  be  needed t o  
perform the  r equ i r ed  pulmonary measuremqn ts . Three of t h e s e ,  oxygen, n i t rogen  
and carbon d ioxide ,  w i l l  be used f o r  brea th-by-brea th  ana lyses ,  and must t h e r e -  
f o r e  have response t imes  of l e s s  t han  0 .1  second. Oxygen con ten t  must be 
measured wi th  a n  accuracy of + 1/2$, n i t r o g e n  + 1% and carbon d iox ide  + 0.125%. 
To avoid  d i l u t i o n  and time l a g ,  t h e  sampling 1 h e s  t o  t h e s e  t h r e e  ana lyze r s  must 
t a p  t h e  b r e a t h i n g  d u c t  immediately a d j a c e n t  t o  t h e  s u b j e c t ' s  mouthpiece. 

The measurement of Lung D i f f u s i o n  Capaci ty  k r i l l  r e q u i r e  two a d d i t i o n a l  gas  
a n a l y z e r s  f o r  helium and carbon monoxide. The sample which i s  supp l i ed  t o  t h e  
helium ana lyze r  w i l l  need t o  b e  p rev ious ly  d r i e d  by an  i n - l i n e  d e s i c c a n t  con- 
t a i n e r  t o  avoid  e r r o r s  due t o  water  vapor  con ten t .  Accuracy o f  helium and carbon 
monoxide gas  ana lyze r s  should be w i t h i n  3% of t h e  meter reading .  

3 .3 .3  ~ i s p l a ~  and Cont ro ls .  - The s i g n a l  cond i t i one r s ,  i n t e g r a t o r s ,  
, ampl i f i e r s ,  c h a r t  r eco rde r  and ana log  me te r s  f o r  flow, volume and b r e a t h i n g  
temperature complete w i t h  t h e i r  r e s p e c t i v e  c o n t r o l s  should be loca t ed  on an 
end p a n e l  of t h e  PBDN ( see  F igu re  1 ) .  

The gas ana lyze r s ,  box ba l loon ,  environmental  monitors  and micromanometer 
should  be  housed i n  an  a u x i l i a r y  c a b i n e t  l o c a t e d  a t  t h e  r i g h t  end of  t he  PBDM, 
and the  plumbing arrangement of duc t s ,  va lves ,  f l o m e t e r s ,  e t c .  should be 
i n s t a l l e d  on t h e  r i g h t  hand s i d e  of t h i s  c a b i n e t .  ( see  F i g u r e  2 ) .  The h e i g h t  
o f  t h e  mouthpiece must be a d j u s t a b l e  t o  conform wi th  t h e  h e i g h t  o f  t h e  s u b j e c t  
when s e a t e d  on t h e  ergometer.  

3.3.4 C a l i b r a t i o n  and Power Requirements.  - The C 0 2  gas  ana lyzer  has  an 
i n t e g r a l  device  f o r  automatic  c a l i b r a t i o n  wi thout  us ing  sample gas. The 
02 gas a n a l y z e r  does n o t  r e q u i r e  c a l i b r a t i o n  as long  a s  t h e  a ~ b i e n t  air con- 
t a i n s  20.9% 02. The N2 ana lyze r  does n o t  r o u t i n e l y  r e q u i r e  c a l i b r a t i o n  gases.  
A t  p e r i o d i c  i n t e r v a l s  a  gas c a l i b r a t i o n  procedure can  be  employed f o r  v e r i f i -  
c a t i o n .  The CO ana lyze r  does r e q u i r e  c a l i b r a t i o n  us ing  a c y l i n d e r  of  c a l i b r a t i o n  
gas, which i s  s u p p l i e d .  The He gas a n a l y z e r  does no t  r e q u i r e  any sample gas 
s i n c e  c a l i b r a t i o n  i s  e l e c t r i c a l .  T o t a l  power requi red  by a l l  r e s p i r a t o r y  
equipment i n c l u d i n g  th5  2  channel  s t r i p  r eco rde r  i s  approxim2tely 1400 watts a t  
3.15 v, 69 Hz. 

a 





4-0 D E S C ~ P T Z V E :  DEFINITION BWCK DIAGWG 

4,1 Conceptual Design 

4 . .  Design objectives. - The respiratory measurement equipment must be 
,versatile enough to measure 25 different pulmonary quantitites (some directly, 
and some by computation). At the same time it should be simple to operate and 
as compact as possible. The equipment must be compatible with other (peripheral) 
equipment such as the ergometer and capable of accommodating various individual 
subjects as well as conditions varying from exertion to sedentary. 

4.1.2 Design Concept. - The equipment must interface efficiently with the 
subject and the operator. The accessibility is illustrated in Fig. 1 of 
Section 3.3. The subject's mouthpiece leads to a plumbing arrangement of ducts, 
valves and flowmeters. Small t~bes carry gas samples to the gas analyzers which 
are housed in a vertical cabinet together with a box-balloon, micromanometer 
and the environmental monitors. The PBDM console equipment consists of electronic 
instruments associated with the f lowmeters. 

4.2 Block Diagrams 

4.2.1 Operational Modes. - The respiratory measurement subsystem operates 
in three modes. 

4.2.1.1 Mode A, (~ig. 2) - The sub5ect1s mouthpiece is connected to a 
four position valve which is turned to position #1. This position opens a tube 
leading through a pneumotachograph type of flowmeter and valve V1 to room 
ambient. Flow transducer #1 converts the pressure difference across the flow- 
meter to an electrical signal proportional to rate of flow. Temperature #1 at 
the flowmeter is measured electrically by a thermistor. 

4.2.1.2 Mode B, (~ig. 3) - The four position valve is turned to position 
#4. This connects the subject's mouthpiece with the J valve. During inspiration, 
either ambient air or pure owgen are inhaled depending upon the position of T 
valve V-2. The oxygen tank pressure is reduced through two successive regu- 
lators. When the subject exhales, the expired breath is directed by the J valve 
through Flowmeter #2 and exhausted to ambient. Flow Transducer #2 converts the 
pressure drop to an electrical signal analogous to rate of flow. 

The gas sampling tube is connected immediately adjacent to the mouthpiece. 
Suction pumps draw a continuous sampling of both inspired and expired gas into 
the oxygen, carbon dioxide and nitrogen analyzers. The gas sample is then re- 
turned to the duct just below position #4 of the four position valve. 

4 

4.2.1.3 Mode C, (special Measurements, Fig. 4 ) .  - 
is measured by use of the flow interruptor sho 
enoid operated shutter which is used to momentarily block the duct 

leading from position #l during expiration, \hen this happens, it generates 
a pressma pul which is sensed by the differential pressure Lransducer, and 
is displayed q titatively on the long-persistence ovcilloscope at t h e  PBDCI 
Station. 









i s  obtained by rncons of %he s i n g l e  breathh, carbon mono- 
d d e  method, This ineasurement is performed using e q u i p c n t  shotdm in Pig ,  '6 
Valve bi, i s  opened long enough to a d m i t  a. presnwi.zed spec ia l  mixture of 0 ~ 3 %  
carbon monoxide, 2% helium, 20% oxygen and 77.7% nitrogen i n t o  the  balloon 
por t ion of t ke  Box-Balloon and a l s o  t o  fill t he  breathing pipel ine ,  The s l i d e  

; v a l v e  loca ted  between the  Flow I n t e r ~ m p t e r  and Flowmeter ##2. i s  opened t o  ambient, 
The four  pos i t ion  valve i s  then turned t o  posi t ion /#2 and t h e  subject  i n sp i r e s  
deeply from t h e  balloon i n  t h e  box. During t h i s  insp i ra t ion ,  the  flow of ambient 

&a i r  i n t o  t h e  box i s  equal t o  t h e  t o t a l  amount of inha la t ion  from the  balloon, and 
i s  measured by Volume In tegra tor  #l. A s  soon a s  t he  i n sp i r a t i on  has been completed 
t h e  four  pos i t ion  valve i s  indexed between por ts  #3 and {#4, thereby c los ing t h e  
valve while t h e  subject  holds h i s  breath f o r  10 seconds. A t  t h e  end of t h e  10 
seconds, t h e  valve i s  turned t o  pos i t ion  4 t o  vent a small amount of dead space 
gas, and then t h e  valve i s  quickly switched t o  posi t ion 3 so t h a t  the  remainder 
of this exhala t ion i s  co l lec ted  i n  t h e  f i v e  l i t e r  Rebreathing k g .  This bag i s  
then disconnected a t  a sel f -seal ing coupler and t h e  sample i s  conveyed t o  a 
Godart IA7103 CO analyzer and v i a  a drying compound t o  a Col l ins  P495 helium 
analyzer. The r e s u l t s  of these  analyses a r e  used t o  ca lcu la te  Diffusing Capacity. 

:\ , Cardiac outout i s  determined by t he  carbon dioxide rebreathing method. The 
Rebreathing 2ag i s  f i l l e d  with a known mixture of carbon d i o d d e  and t h e  l i n e  i s  
f lushed wiih tks mixture up t o  valve pos i t ion  #3.  The subject  comences breathing 
with t h e  valve s e t  a t  pos i t ion  #3 and t he  carbon dio-xide analyzer reading i s  
monitored. The value of i n t e r e s t  i s  t h e  equilibrium point of carbon dioxide i n  t h e  
sub j ec t ' s  expired breath with t h e  contents of the  rebreathing bag. The cardiac  
output computation requ i res  t h i s  value as wel l  a s  a p r i o r  determination of  t he  
+subjec t ' s  carbon dioxide production. 

Lung compliance requires  t he  determination of (a )  i n t r ap l eu ra l  pressure, 
and (b) i n sp i r ed  volume. An esophogeal balloon i s  swallowed by t he  subject .  
Attached t o  t h e  outs ide  of t he  balloon i s  a small p l a s t i c  tube whose ou te r  end 
i s  connected t o  a d i f f e r e n t i a l  pressure transducer. The fou r  posi t ion valve i s  
turned t o  #1 and t h e  subject  i n sp i r e s  through Flowmeter #1, thereby enabling 
measurement of t he  inspired volume. The subject  must breath a t  progressively 
increased volumes f o r  a t  l e a s t  3 breaths. The pressure i n  the.esophogea1 balloon 
i s  recorded a t  t he  peak of each insp i ra t ion .  The r e su l t an t  data  i s  plot ted,  
pressure  versus volume, f o r  use i n  determining lung compliance. 

4.2.2 E l e c t r i c a l  Equipment. - Fig. 5 shows t h e  e l e c t r i c a l  equipment employed 
t o  measure flow, volume, temperature and pressure. The flow of  inforination i s  
from l e f t  t o  r i g h t  except f o r  a s igna l  from the  Data Management Subsystem t o  
t h e  Flow In t e r rup t e r  (shown a t  top).  This s igna l  i s  given when t h e  flow r i s e s  
t o  a predetermined valve i n  e i t h e r  d i rect ion.  

I n  general,  t he  s imi la r  types of equipment a r e  shown i n  v e r t i c a l  columns, 
from t h e  sensors a t  the  l e f t  t o  t he  analog meters and recorder a t  t he  r i gh t .  
Two manually operated switches a r e  shown. The one a t  t he  lower l e f t  enables a -3 

s ing l e  preamplif ier  and a s in@e ampli f ier  t o  be used f o r  e i t h e r  esophageal o r  
t r a chea l  pressure. The o ther  i s  t he  r e sp i r a to ry  mode switch which i s  turned t o  
t he  upper posi t ion f o r  Modes A and C and t he  lower posi t ion f o r  Mode B. 

1 keyboard en t ry  i s  shown t o  supply tho value of  ambient barometric 
pressure t o  the  Data Vkmagement Subsystem, so t ha t  it m y  be used i n  computing 
mass r a t e s  of flow, o r  a c c d a t e d  volume a t  standard temperature and pressure. 
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Zre temperature (either. #l or 112, as appropriate) is continuously supplied to 
t h e  Data hagernend Subsystem f o r  the same purpose, 



SECTIQN 111-F 
M'PEPIDIX 

MEASURTiXBJT F33QUIm)IIi'lBTS U T A  SHEETS 

Measurement Requirements Data Sheets have been prepared f o r  the  following 
Respiratory Subsystem: 

Measurement Page No. 

Lung Volumes and Flow Rates 
Alveolar p0 and pC02 

/ Respiratory Dead Space, Alveolar Venti lat ion,  and 

I 
Residual Volume 

Minute Alveolar Vent i la t ion 
Carbon Dioxide Production 
02 Consumption 
Respiratory Quot ient  
Lung Diffusing Capacity 
Lung Compliance 
Cardiac Output 

- Airway Resistance 



~33hSU.2EWEXT : Lung Volumes and rTow Eiztes 

&;EASUREPENT D B C R I Y T I  Oh' : Obtain tho follo.r.~ing plrlmorMzr;r censurensnts: Vital  
Capacity ( vC) , Tired Vital C a p c i t y  ( v c ~ ,  VC3) , 
Insp i ra to r j  Capacity ( I C  ) , Expiratorj. Reserve Volume 
(Exv), Tidal VoLune (TV), i+Iinilte Tidal Volurie ( 1 . 2 ~ )  
~fixirn~m I i~spi ra tory  F ~ O W  (XI')), 1P;t-xirnm b p i m t o r y  
Flow (FEF), and I~a.xinum Breathing Capacity ( 1 ~ ) .  

1, lllput s ignal  charac ter i s t ics  Biphnsic inspired and expired a i r  flow and volurm 
wavef oms. 

2, Electrodes, transducers Mouthpiece, &lainland pneumotach head, A-W 
I pressure capsule i n  Greer micronanometer 

3. Signal conditioner(s) Greer micromanometer (M-6), Volume Integrator 
( BecWn 9873B) 

4. Range of measurement now: 0-12 liters/second 
Volume: 0-6 l i t e r s  

5, Frequency of measurerrent Once per week 

6, output s ignal  charac ter i s t ics  

analog/digital  Elow and Volume Analog Waveforms (See fi3) 

a q l i  tude 0-5 vo l t s  

frequency range N/A 

accuracy/sensitivi"cy - + 8 values 

&l.e cpie ncy 

Precalibration of pnemotnch heed; w i l l  provide 
e l ec t r i ca l  cal ibrat ion f o r  flow (1.0 and 5.0 l i t e r s /  
see. 
Before each se r i e s  of ~ e a s u r e ~ e n t s  



displn:y= a n a l ~ , ~ / c i  i f : i l n l  (raw, fi;~w, t n , d o g ,  inCemLittcr,'c on rei;;iirator-g 
procrssed;  local, rc~iotc-?; :nonitor; rzw, nnn_l_o,z, in te rmi t ten t  on CXT 
cont,inuous, i n l e m i t t c n t )  

recording annlog/diKi tnl  Psd, dig i t i zed ,  in te rmi t ten t  
(raw, processed; continuous, 
i n t c m i t t , c n t )  

m a n ~ a l / ~ r o ~ r a m e d  A o r  D Programmed 
sxi tching 

rnanual/verbal data  en t ry  Subject i d e n t i f i c a t i o n  and measurement number 

A/D conversion frequency ZOO sps  

s torage time analog/di&tal  Digit ized u n t i l  next data  dump 

rscording/storae quantity 3 min./run; approx. 10  mins, t o t a l  f o r  
pe r  sub3 e c t  th ree  runs. 

9 ,  Derived 

o ther  measurements requ i red  Time base 
, -  s i i t a n e o u s l y  f o r  calculat-  

i ons  

d i g i t a l  conputation TV, ERV, I C Y  VC, VCly VC3, MTV, F MEF 
MBC b 

d i sp l ay  analog/digi ta l ;  Poc- A l l  values i n  d i g i t a l  form on processor 
at ion;  updating frequency readout 

recording analog/digi ta l  Digit ized & computed values 

s torage time ana log /d ig i ta l  Unt i l  next data  dump. 

10. Comparison wi th  previous data Manual i n  logbooks from pr in tou ts  

11. ~ n a l o ~ / d i g i t a l  d i sp l ay  range & h ~ l s g  waveform t 4%; t o t a l  volume 6.0 
resolution/accuracy l i t e r s ,  mximuin flow 15  l i t e r s  per  second. . 

Digi ta l  2$ 

12, * i n b u t  frequency & o the r  m- Once per run 

qairerrionls 





miSUmx:4'T RlCQlJliiIZ Z:ISGS DATA SIiEET 

SUB-S'ISTEi': r Resp i rn to ly  

.- , ; ;  GiiCi;? : Respiratory 

% Alveolar PO2 a r d  ?GO2 (FAq2 and pA c92 j 

WACJJRE>ENT D ~ C R I P T I O X  ; Obtain measurement of alveolar PO2 and PC02 from 
gas analyzer cwJes  

1, Input s igna l  charac ter i s t ics  

2, Electrodes, transducers 

-3 ,  Signal conditioner (s) 

4, Range o f  xeasurement 

5, Frequency of measurement 

Riphasic, repe t i t ive  waveform 

Mouthpiece; analyzer sampling 
heads 

C o 2 ,  analyzer - Godart Capnograph, KK 56002; 
02 analyzer Westinghouse Model 21lM . 

Once per 1-2 weeks 

6. Output signal charac ter i s t ics  

Analog waveforms, See #13 

freqxency range N/A 

accyracy/sens i t idW + 2% of t rue  values 

7,  GaXbratioxa 

t j e  & t e e m w e  

f ie  que nsy 

C a l i b r a t i o n  gases  and/or equipment c o n t r o l s  

Before each s?i.ies or^ nc3sLZen?ents 

111-2'-5A 



di:;plny snnloC/tl i i?i  t n l  (rnx, 
~ " O C C S S C ~ ;  l o c a l ,  rcr;io La; 
eont , inuous ,  i n t e r n i t - l , c n t )  

rccordi  n,y sr,ni~~/iii .~itc?l 
(raw, proccsscd; continuouo, 
i n t e m i t t c n t )  

iJnvef olm, raw, digitized, continuous. 

r n a n ~ a l / ~ r o ~ r a n n e d  A o r  D 
switching 

i'ro;~.?r;;;crl si $t;nnl r o u  t i n y  t o  Displa;r ??onitor 
~ t - ~ i !  ;..?,cort?-?r. 

manual/verbal data entry Subject ident i f ica t ion  and measurement 
nmber , 
100 sps - A/D conversion frequency 

Digitized u n t i l  next data dunp. storage time analoe/digital  

recording/storaga quant i ty  
per subjec t  

30 sec ./sub j ec t, including derived values. 

9 ,  &rived quant i t ies  PA0 2 and PAC02 

Absolute barometric pressure (PB) 
,pH# = 47 mm Hg. 

other  measurements required 
simultaneously f o r  calculat- 
ions  

d i g i t a l  computation 

d isp lay  analog/digital; loc- 
ation; updating frequency 

Digital  display of coinputed values on 
d i g i t a l  readout: every 1 0  sec. 

Digitized average PA02 and PAC02 a t  end 
of each recording 
Digitized u n t i l  next data dump 

recording analog/digital  

storage time analog/digital  

10. Coxparison with previous data 

Digital, PA02: 70 t o  120 m Hg; 
PAC02: 23 t o  70 mm Hg 
Accuracy: Both 2 a. 

XI.. Analog/digital display range & 
resolution/accuracy 

Once every 30 sec. 12, &inLkout ~Yequeney & other  re- 
qujserenls 



4 - ?- 

% LO,. i 
l 

O2 and C02 analyzer outputs. YL nimum value o f  O2 and maximum value of C02 
are to be used for  computations. 



PEASUZi*;Z;T : Res;'ir:i  lor:^ U--td Sp:icc ('ID) , Alvcolar ven t i la t ion  (fA), 
and ~ , l = ; i c :  1:11.. TIOI-I:Y~ (v.,) . 

~ . ~ A , C , ~ ~ ] . ~ : ; T  D ~ s c ~ I P T I O ~  : i n  ihrc? ~u;~ni*:zcnt; f r o x  inspired ar.d expired air 
v o l u ~ e  and expircrl nitlro:en concentration as indicated on 
dicigrams . 

1. ~~~t cha rac t e r i s t i c s  ELpkasic u s v e f o m  of inspired and expired a i r  flow. 
Biphasic waveform of fras t i ona l  ]I2 concentration, 

' . 2 ,  Electrodes, transducers,  

" 3. Signal conditioner(s)  

Xouthpiece, -:%inland pr,cu.otachometer, pressure 
transducer ( 2 t z t . ~ ~ ~ ~ ,  P1Q5), N2 gas sampllng head. 

Str+jil ga_re coupler (Elecbnn, 49ii03) , Volme 
Integrator  (3eclman, #95733), and 2J2 gas . 
analyrer ( ~lec t ro /Eed  #700 PR) 

4. Range o f  measurement Dead Space: 100 t o  3% ml, 
Alveolar vent i la t ion:  0 to 1 0  
' ~ e s i d u a l  voluxe : 800 t o  2000 ml ,  

5;. Frequency of neasurement Once every 1 - 2 weeks, 

6. Outqut s igna l  cha rac t e r i s t i c s  

analog/digi ta l  See # 13 (waveforms). 

axqli tude 0. - 5 volts.  

freqcency range I?/A . 
accllracy/sensitivitf 2 2 per  p a r a m t c r  

3 - a~.;lyser: atrr,osphcric :I and/or cal lbra  c i o n  gas ,  
2 2 

A t  beginrAng o f  each series of ~ e a s ~ e . x c r P , s ,  

111-F-8A 



- .  . . 
disp lay  a::nloc/cii[;ii,:d. ( ~2 . s :~  1!,.:.-, arg:i3. of;, r:~j:-~t:l.nunus 0.; b_i;l;pl~igy L,,.jn"tor andc!';-,n 

3 . ., . . proccssca; local, rcn:o.t+o; "21 1'2 C O T - T ~ I : . ~ .  

con"r,inuuo.l; in- tcrni l - t tcnl)  

r c  cording annio2/digit,~l :?r,;;, arialo:;, ili ,*tized, continuous, 
(rax, proccsscd; continuouo, 
i r i tc rx i t  tcnt ) 

manual/ve~bal data entry Subject ident i f ica t ion  and measurexent number, 

A/D conversion frequency 100 sps, 

storage tima analog/digital  Digitized u n t i l  next data d m .  

recording/storago quant i ty  10 minutes 
per subject  

9. Derived quant i t ies  

other  measurements required Tb,e base. 
s i~.ul taneously f o r  c a l c u l a b  . , 

ions  

d i g i t a l  coinputation 9 andV ( ~ e e # 1 3 ) ;  TLC. 'D' A' R 

display analog/digital; loc- A l l  values in d i g i t a l  form on processor readout. 
ation; updating frequency 

recording analog/digital  Dig i ta l  values a f t e r  conputation. 

storage analog//digibl Cowuted values until next data d w .  

10. Coqarison with previous data ~ / A / A .  

U.. h a l o g / d i g i t a l  display range & y3 : 100 - LC0 ml, 2 .5  %. 
resolution/accuracy I " :  0 - 2 0 "  ,. +-- 5 N. 7.' 

Lrn : 860 - 2000 rd, f 5 $. .. . 

12. B i n t o u t  frequezcy & other re- G ~ c e  per  me 
q b e z ~ n t s  







Si~-SYSTEi.i e Respiratory 

lcG7,-..--% ,, ;LL~ . ,~~~I \ JT  GRW? Respiratory 

% Minute lZlveolar Venti lat ion ( v ~ ~ I N )  

>EASUREKEm DGSCRIPTION : Obtain measurement of minute a lveo la r  ven t i l a t i on  
from t o t a l  expired volume (VE)  and e-xpired C02 

1. Input s igna l  c h a r a c t e r i s t i c s  Fxpired volurne - Biphasic r e p e t i t i v e  waveform 
Expired C02 - Biphasic r e p e t i t i v e  waveform 

2, Electrodes, t ransducers M~uthpiece,  r'Leish pnewootachometer and pressure 
transducer ( ~ b . 2  thci:ii, Pm.5 ) ; gas analyzer sampling 
head. 

-3. Signal condit ioner ( s) St r a in  gage coupler ( ~ ~ c l ~ a n ,  &803), Volume 
Integrator  (~ockxan., & 8 7 3 ~ )  ; C02 gas analyzer 
( Godart, KK5800 2) 

4.. Range o f  measurement 

5. Frequency of measurement 

Normal - 3.0 t o  7.0 l i ters/min.  
Exercise - 4.0 t o  21)O l i ters/min.  

Once per  1-2 weeks 

6, Output signal c h a r a c t s r i s t i c s  

analog/digi ta l  Analog waveforms 

a n p l i  tude 0-5 v o l t s  

f r e q ~ e n c y  range N/A 

accuracy/sensi t iv i ty  2 2$ per  parameter 

7, Calibration 

GO2 a r d y z e r  - use e l e c t r i c a l  ca l ib ra t ion  

Before each s e r i e s  of rneasweaests 

111-F-1% 



display n z a l o c / d i ~ i t , n l  ( I+~;J ,  !.:ntTeL3or;?s; mw, o nl-og, ifitemitter,% 
processed; l o c a l ,  remo to; on Lisplay i*fonito-. ar,d 011 2-pen recorder, 
continuous, i n t e r m i  t t c n t )  

r eco rd i  n c  a n n l o E / d i ~ i t n l  Wsvefoms; raw, dig i t i zed ,  continuous f o r  
(raw, processed; continuous, 90 secoficis. 
i n t e rmi t t en t )  

manual/verbal data  en t ry  

A/D conversion frequency 

s torage time analog/digi ta l  

?roy;rn~~~r.cd si rou tirig t o  Cisplzy Yonitor 
::nd rcncorder. 

Subject i den t i f i c a t i on  and r i i e a ~ ~ e m e n t  
nuvber 
100 sps 

Digit ized u n t i l  next data dump 

recording/storage quan t i ty  Approx. 100 seconds, including derived values 
per sub j ec t  

9, Derived quan t i t i e s  

o ther  measurements r e w i r e d  
s i i l t a n e  ously f o r  calculat-  
i o n s  

d i g i t a l  conputation 

d i sp l ay  analog/digi ta l ;  loc- 
a t ion;  updating frequency 

recording analog/digi ta l  

s torage time analog/digi ta l  

10. Conqarison with previous data 

ll. Analo2/dig5.tal d i sp lay  range & 
re solution/accuracy 

Time base 

. 
Minute a lveo la r  ven t i l a t i on  ( V m )  
See #13 
Display of derived values on d i g i t a l  
readout. 

Dig i ta l  values 

Digit ized u n t i l  next data d w p  

Digital ;  3-290 l i ters /minute  2 5% 

Once a t  end of 



13, ?.Escell,zneous i n f o r n t ~ t i o n ,  dct:.tils on rci"crc,nce t items, e t c ,  

F;l_-r?le >iave i ' o ~ n s - -  

Miscellaneous Calculations: 

% a lveo la r  C02 

h i s  obtained from the  t o t a l i z ed  expired volluce 

F~ C02 i s  obtained d i r e c t l y  from the  output of the  C02 
analyzer  corrected f o r  H$ vapor 

'E and F ~ ~ 6 2  a r e  mul t ip l ied continuously during the  
measurement period 

% a lveo l a r  C02 i s  t he  peak C02 concentrat ion during 
t h e  r e sp i r a to ry  cycle. 

+ Also see gas correct ion ?actors and i l t ruel l  C02 correct ion 
on Xeasurement Data Sheet 



) ; F , A S U ~ E X ~ ~ T  DFSC;iI?I'I 0;; : ijbt:lln i:< - ,;ii~.<,;.'c;?t o C clr1,on c!i~x-j.de ~ I . C I ~ ? I ~ C ~  ion 
Prom (a j t o t : ~ l  cxy,ircd vcluxe ( v ~ )  and ('ojpercsntaee 
o f  e q ~ i r c d  cqrbon dio;:ida (VEC02) 

1. ~~~t character iot ics  E ~ p 1 r c d  volune. - Siphssic r e p e t i t i v e  waveform 
Elcpircd C0 2 - I3iphasic rep t i t i v e  wavcf o m  

2, Electmdes,  t r a n s d ~ c c r s  Fiouthpj.cce, Fleish p ? l c u ~ ~ t n c l o m e t e r  2r.d pressure 
t ransducer  ( Stathcm, ppn5 ) , gas a r ~ l y z e r  saxpline; 
head. 

3, Sisal condi t ioncr(s)  Strain gage coupler  ( 3 e c ' m q  f#9833), Volme 
In t eg ra to r  ( Z~kmar ,  , 9 6 7 3 ~ ) ;  C 0 2  gas a m l y z e r  
( ~ o d e r t ,  Ki<58002) 

b. R a g e  of measuremsnt 
. - Xormal-- 100 t o  500 ml 

5. Frequency of ~easwerrient Once p e r  1-2 weeks 

6. OuQut s igna l  ~ h a ~ a c t e r i s t i c s  

analog/digi ta l  

a ~ l i  tudo 

frequency r a n p  

accuracy/sensi t iv i ty  

7,  C a l i b r a t i o n  

tj>c & tcch~-ii.c;ae 

a%.ewi;e~cjT 

Analog i~avef ozms 

0-5 v o l t s  

N/A 

2 22 per parameter 



display a ; ~ n l o ~ / i ;  ici tril (:-:'3irJ 

pl-occsscd; l o c a l ,  rc:;:o-Lo; 
continuous, in tc r i i~ i t t c~ l i t  ) 

recording annloE/digi ta l  
(raw, proccsscd; continuou3, 
i n t c m i t t e n t  ) 

manual/verbal data  e n t r y  

?rccrax:zcd sicn;il r o u t i n g  t o  Display Xonitm 
and recorder. 

Subjcct i .unnt i f ica t ion and measurexent nmber. 

A/D conversion frequency 100 sps 

s torage t h o  analog-/digital Dj gi t i zed  u n t i l  next data  d m  

recording/storage quan t i t y  Approx. lOGseconds, including derived values 
p e r  sub j ec t  

9 .  %rived quan t i t i e s  

o-tter measuremen%s requ i red  T i ~ e  base 
s i ~ u l t a n e o u s l y  f o r  calculab 
i o n s  

d i g i t a l  coin?utation CO product ion on breath-by-breath ba s i s  

- a$ averased a t  the  end of each 30 seconds 
d i sp l ay  analog/digital ;  ioc-  Display o f  ?SO2 analog on G2T and dis?layed 

a t ion;  updating frequency i n  d i g i t a l  f om. on breath-by-bresth ba s i s  
and averased value fo r  previous 30 seconds - 

recording a n a l o d d i g i t z l  D ig i t a l  values 

s torage time a n a l o g / d i g i ~ l  Digit ized u n t i l  next data duinp 

10. Coxparison with previous data N/A 

11. ; i r i log /d ig i ta l  d i q l a y  range & 
~ s o l u t i o n / a c c u r a c y  

Digi ta l ;  3-200 l i t e d m i n u ~  ;t 5% design goal 

%' 

12, l r i n t o u t  f reqency & other re- Once at end of --un 
q l l i r e r ~ n t s  



Computation: 

VE = expired flow, f r ~ m  integrated flow signal 

- 
Qco, - 

fractional concentration of C02 in the expired gases, 
from gas analyzer output 

Pg = barometric pressure 

T = temperature at flowmeter 

tttrueB CO2" factor = F - 0.03 
Eco2 

BTPS to STPD correction factor = 



PEASURXXEIT DESCRIPTIOX : Obtain mc;isurrr;.cnt oY o x ~ e  n consurnption f ron exppireed 
a i r  analysis,  

1, Input s ignal  charac ter i s t ics  Expired a i r  flov--Siphasic, repe t i t ive  
wave f om. 

Fxpired C02 and 02 --biphnsic, r epe t i t i ve  . 
wave f oms.. 

2, Electrodes, transducers, vest ,  
harne ss Mouthpiece, gas analvzer sampling heads, 

Fleisch pceu~notachcmeter, pressure 
tracsducer (Statham, PKI-5). 

-\. 3, Signal conditioner(s) 
S t ra in  "ape coupler (3ez7man, if9m3) 
Volurce In te  ;rat,or ( ~ e c ! m 3 n ,  #98738), O2 gas 
Analyzer (?:e s t  inghnuie , #211iii) , C02 gas 
A~alyze r  (~odart,,+~:<S8002) 

4. &nge o f  measurement 
Normal-- 150 t o  600 &/minute 

, WiYn Ekercise-- 150 nil. t o  10 l i t e r s  per 
minute 

5. Bequency of  measurement 
Once per  1-2 weeks 

6. Output s ignal  charac ter i s t ics  

analog/digital  
Analog wave f oms 

ariiplitude 
0-5; volts  

frequency range 
N/A 

a c ~ a c y / s e n s i t i v i t y  + 2 $ per  parameter - 

C a l i b r a t i o n  pases a ~ c / o r  eqdiprent  con;rcls 

Sefore ezch nleasurezcnt 



d - i c ~ l n y  c;;nloy;/di r$ t ,nl  (;.=;, 
p1*occssc8; local, ~en:ot,o; 
coni;inuoss, in~e~n~itten-t) 

secosdin~ ana90G/digital 
(raw, proccsscd; cont inuou~,  
i r i i c m i t t e n t )  

nanua l /ve~bal  data entry 

conversion 

s torage time analog/di@tal 

recording/storago quant i ty  
per sub jec t  

9. Derived q u a n t i t i e s  

o ther  measurements required 
sin-.ul tane ously f o r  calcula t- 
i ons  

d i g i t a l  ~ o n ~ p u t a t i o n  

d i sp l sy  ar,alog/digital; loc- 
ation; updating frequency 

s torage t i n e  arialog/digital 

-. 3:-:)irc3 ?T,;~I.:;, (T.;), c q i r e d  C r  ("7 ">cr? ) $  
rxnire;i if?? (i:7;C0;<j 7 ~ ~ v e : ' o x x ' ,  '"1' 
;s ;n loc~,  cant i.r,i;oas on D i s p l a - J  ;;on:.tor 
ncd on . - . f :~ve form3 ,  raw, digitized, contlr iuous 
for 90 scconds. 

Proi-raa:s.sd s i g z z l  rou  tin^ t o  3ir;pLa:~ 1,:onitor 
and rccor'dcr. 

Dipit ized u n t i l  ~ e x t  data dump 

Approx. 100 seconds per  subject. 

Tiqe base 

0 2 connmption on breath-b~-breath bas i s  
' 

and averaged a t  the end of ecch 30 s e c o ~ d s  
T.  splay of breath-by-breath analog on 
CET and displayed digi ta i l ly  f o r  both breath- 
by-breatln and averaged value Tor previous 
30 seconds (computed i n  inl/;nin.) - 
Dig i t a l  values 
Digit ized u n t i l  next data1 dump. 

10. Coqar i son  ~ i t h  previous data N/A 

U. ha log /d ig i21  d i q l a y  range & Digi ta l ,  0.15 t o  10.0 l i t e r s /  min., 2 5% 
resolution/a @curacy design goal 

'? 

12. *3-rint;out ,*eqaency & other  re- Once a t  end o f  r u n  



v~ = expired vo l~~rcc ,  obtaj ncc! frcrn i n t e n a t e d  
flow s i g n a l  (!;lcisc'n pneurr,otac,hon~ter) 

= f r a c t i o n a l  conccn t r z t ion  of  oxyTen i n  t h e  
i n s p i r e d  a i r  ( 0 c o n t e n t  o f  nn'oient 
a i r  c o r r e c t r d  f o r 2 v a t e r  vapor)  

F ~ %  
=I f r a c t i o n a l  concentrat , ion o f  orJren i n  the exp i r ed  

a i r ,  from o u t p t  of IIestinghouse O2 ana lyze r  

= f r a c t i o n s 1  concen t r a t ion  o f  carbon d iox ide  i n  
t h e  expired a i r ,  from the ou tpu t  o f  the  
Godart C02 analyzer, 
1 

K s 

9 Correct f ina l  computed va lue  t o  STPD (see pg. 111-F-25~) 



Y3 A SU ?$I.: 1% T i Respiratoxy Quotient (R,Q. ) 

)ZASURE>?ENT DES CRIPTI 011 : Obtain rnensurcment of respiratory quotient (R.Q.) 
from OXygCn consumed (VC2) and carbon dioxide 
released (VGO 

2) 

1, Irrput signal charac ter i s t ics  Expired volume - Biphosic repe t i t ive  waveform 
Expired O 2  and C02 - Biphasic repe t i t ive  wavef& 

2. Electrodes, transducsrs, vest ,  Mouthpiece, Fleisch pnemotachometer, pressme 
harness tmnsbwer  (Statharn, PEL5 ) , gas a r i y z e r  sampling 

heads. 

3, Signal conditioner(s) S t ra in  gage coupler (Eeckrrlan., #9803), 
Volume Integrator (se:!m.lc., 8 8 7 3 ~ ) ~  
C02 gas analyzer ( ~ o d a r t ,  KK 56002) 
02 gas analyzer (~iestinghopse, 2 lwO 

4. Range o f  measurement R. Q. range 0.5 - 2.0 

5. Frequency of masurement Once per 1-2 weeks 

6. Output s ignal  charac ter i s t ics  

analog/digital  Analog 

a q l i t u d e  0-5 vo l t s  

frequency range N/ A 

accuracy/sensit ivity + 5% per  parameter 

7. CaU5ration 

t j j e  & Lec=que 

fie que r,cg 

See cal ibrat ion procedure f o r  f&Q2 ib2 
N/A 

t 

111-5'-2lA 



d i s p l a y  a n n l o K / d t ~ i  tx l  ( rnw,  
psoccsseci; l o c a l ,  rc;no lo; 
cont inuous ,  intennj.t-tcntj 

r e c o r d i n g  an3 l o c / d i g i l c ~ l  
(raw, proccsscd; continuous,  
i n t e r n i ~ t ~ c n t )  

man~al /~ro~rammed A or  D 
switching 

manual/verbal data en t ry  

A/D conversion frequency 

storage time analog/digital  

recording/storage quant i ty  
per subject  

9. Derived quant i t ies  

other measurements required 
sirmltaneously f o r  calculab 
ions 

d i g i t a l  computation 

display analog/digital;  loc- 
ation; updating frequency 

recording analog/digital  

storage time analog/digital  

Wavelo,-?~s, ra7,:, acalo:, interxh cent 
on disp1:iy monitor 2nd on r.ci:r:rc:i- s, 

I~avefoms, r a w ,  continuous for 90 seconds 

.i'rn,.;r:lir;ncd si~nal rrjut ir.? t o  iI!isplay Monitor 
a d  r t - : c ~ r d r : ~ ,  

Subject ident i f ica t ion  and measurement 
number 
100 sps 

Digitized u n t i l  next data dump 

Approx. 100 seconds 

w g e n  c ~ r ~ s u a e d  (q0 
dioxide production 

R. Q. = - ' ~ 0 ~  ~ v e r a ~ e d  value 
p02 f o r  40 seconds 

Display of computed value on d i g i t a l  
readout 
Digi tal  value 

Digitized u n t i l  next data dump 

10. Comparison with previous data N/A 

U. Analog/digital display range & Digital ,  R. Q. range 0.5 - 2.0, 2 10% 
reso~ution/accuracy design goa l  

T 

E2. Prir;touP, eequency & other  E- 
quirerents  

Once per coaputation 



~ ~ i j - S ? ~ ~ ~ ~ * ~  : Respira LOPJ 

XEi{SU3EFXNT GRWP " Respira t o r 7  

JrxASURFbZNT DESCRIPTION : Obtain mcns~~rclncnt, o f lunft  d i f  f i l s i n ~  capaciw,  u t i l i z -  
ing box-balloon as r;ernbly, helium and carbon monoxide 
analyzers, and Xai nland f lotirccter---Carbon >!onoxide, 
Single-3rcath T e c h n i p c .  

1, Input  s i gna l  c h a r a c t e r i s t i c s  Helium and carbon monoxide ras  concentrations-- 
two separate dctcminat ions ,  egch s t ab l e ,  . 
non-repeti t ive siqnals.  

Inspired volume-- s ing le  waveform 

' . 2 ,  Electrodes, bansducers ,  vest, ?.:outhpiece, He and ~3 gas sain7linz heads, 
ha ,me s s Xainland pneunotachomter , and pressure 

C a a n s d u c e ~  (Sta than, P M ~ )  

f 

3, Signal condi t ioner(s)  I!eliurn gas analyzer (Col l ins  ,#l;95), Carbon 
Monoxide analyzer (Godart, I A  7103, S t r a in  
g a y  coupler (i32(;l.mc..n, #{9873a), Volume 
In tegra tor  (~zc :ccr , ,  #9503. 

4. b n g e  o f  measurement DCO = 10 to 3'6 ml/nin./m Hg 

5. Bequency of  measurenent Once per  1-2 wseks 

6, Output s i g n a l  c h a r a c ~ r i s t i c s  

analog/digi ta l  ALna log  

a q l i t u d e  . 0-5 v o l t s  

freqxearcy range N/A, 

accuracy/sensi t iv i ty  - * 2% per  parameter 

type & L e c k a q s  

fr e que ncy 

Gas apaly-zc~rs-  c a l E b r s t l o n  r t l : ~ ~  ar.<:/or 
equipncnt controls;  p reca l ib ra t ion  o f  fl(rir:?eters 



d i s p l a y  analoc /c i ic i . i ,~  (rcl27, 

processed; locnl . ,  rcn:o ttli; 
coct,inuous, intc--- .  I i t t lbbent)  "" 

recording an:~lo,?/digital. 
(raw, proccsscd; continuou3, 
i n t cml i t t cn t )  

manual/programcd A o r  D 
switching 

manual/verbal data  e n t r y  

A/D conversion frequency 

s torage 

recordiw/s torago quan t i t y  
per sub jec t  

-7 p oris concct;i;ra-l;icl.~s-- dir"i ta .1,  ral:, 
jn1-(,.*-.' -!-+ 3 .  ,, ..., ,,!.L (. ,,t,nt, o n  1j.ispIa y : .:onitor 

-- i i - , ,pfrqd ~iol~;;-.rc-- dtrikal, rav, i~JCerr"d-tdE?nt 
on Disp%ng Floni t o r  

Di.; . l tnl,  rn::r, ir:-berxil%en'c 

S5 g n a l  ro,: t j  nr t o  Dis7la.r Pionitor 
pro?rar=ncd, mani:al t o  2-pen recorder 

Subject i den t i f i c a t i on  and measurement 
nunbcr . 
100 sps 

Digitized u n t i l  next data  dux;p, 

A~prox.  50 seconds per  subject ,  including 
derived values. 

o the r  measurements requ i red  3csi&xil volume (V,)corrected t o  SVD, 
shu1taneous3y *lculat ' absolute barometric pressure,  ar,d t h e .  
i o n s  

d i g i t a l  computation 

d i sp l ay  ar,alog/digital; loc -  D i sp lq ,  of conputed values on d i g i t a l  read- 
a t ion;  updating frequency out; a f t e r  each measurement. 

recording a ra log /d ig i ta l  Digi t ized DcO a f t e r  eix5measurement 

s torage t i n e  ana log /d ig i ta l  Digi t ized u n t i l  next  data  dunip 

10. C o i a r i s o n  with previous data  %/A 

U, l~;lalog/di;rital d i sp l ay  range & Digi ta l ,  DCO; 10  t o  50 ml/~t&~l/ni X-J + 5% - r e so lu t i on / accu rac~  4 

12. ;?1.lntout 19equency & other  re- Once a f t e r  each rneasurexent 
q ~ e r a n t s  



13. . a  irdu:ilation, d c  t~il.:; on ro:'cri:nccd if.c~;, ctc. 

DCO = d i f fu s ing  capacity 

VI = vo1urr.e inspired Iron! box-balloon--from ?!air,land 
flo:me t e r  

V~ 
= r e s idua l  volurre, s to red  from previous measureicent 

p~ = absolute barone t r ic  pressure 

T = time of breath-holding, inseconds 

F ~ ~ e  
= f r ac t i ona l  coccentrat ion of heliu? i n  a lveo l i  

a f t e r  breath-holding--obtained from a ~ a b y s i s  
of contexts of co l l ec t i on  bag 

, - 
F ~ c o  - f r a c t i o n a l  concentrat.ion of carbon xonoxide i n  

a l v e o l i  a f t e r  breath-holding--obtained frorn 
ana lys i s  of contents of co l l ec t i on  bag 

F ~ C o  
= f r a c t i o n a l  concer.tra t.ion of carbon monoxick i n  

the  balloon of the box-balloon assembly 

FIHe 
= f r a c t i o n a l  concentrat ioa of he1i.a~ 

balloon of the  box-balloon assembly 



r Respiratory 

~ ~ ~ S r J i ~ > i ! : ; N ? '  GRW2 : Respiratory' 

PJASUiE?iEXT r Lung Compliance (LC) 

~ z A s u ~ G ~ N ' ~ '  DESCRIPTION 1 Obtain measursrnent of lung compliance from inspired 
vo1u;ne and intrxpleural  pressure. 

I, Input s ignal  charac ter i s t ics  Inspired volume - biphasic, repe t i t ive  
wavef om 
Intrapleural pressure - biphasic, repe t i t iye  
wavef o m  

2, a e c t m & s ,  transducers, vest ,  Mouthpiece, l&ir;Land pneuqotachometer head, 
harness AbnO czpsule i n  Greer inicroranometer, 

esophageal balibon and pressure transducer 
(statham, PK-5) 

-3,  Signal conditioner(s) 

4, Range of  measurement 

5, Frequency of nieasurement 

Greer micromanorneter, Volme Integrator 
(Beckm~n & 8 7 3 ~ )  , Stra in  gage coupler ( Bec-n, 
iYs803) 

Inspired voluae - 300 t o  4bOO ml 
Intrapleural  pressure - minus 5 to minus 30 cm H$ 

Ollce per 1-2 weeks 

6, Output s ignal  charac ter i s t ics  

analog/digital  Analog 

a q l i  tude 0-5 vo l t s  

frequency range N/A 

accuracy/sens i t iv ib~ - * 2% s e r  parameter 

7, Gaxbration 

type & t e c k h ~ o  Precalibrntion of flobtXcter and pressure 
transducer; will provide e l ec t r i ca l  c l r l ibmt ion  
of each. 

frequency Before ezch ser ies  of measurements 



disp1n:y annloc/tlii7;i k::~ (raw, 
processed; l o c a l ,  renio to; 
cont,inuous, interini .  t t ,ent )  

recordi  ng a n n i o g / d i g i t n l  
(raw, ~ r o c c s s e d ;  continuoua, 
i n t e rmi t t en t )  

manual/verbal da ta  e n t r y  

A/D conversion frequency 

s torage time ana log /d i@ta l  

recording/storags quan t i ty  
per sub j ec t  

I 

1ri:;pired -:olix~e and iritraplei~~l. Fressuse - 
anal.og, r.tibsi, intex.rrlittent 

Innspired voiuine nnd i n t r ap l eu rd i  pressure, 
analog rmr, i n k e m i t t e n t  

Subject i d e n t i f i c a t i o n  and measurement 
number 
100 sps  

Digit ized u n t i l  next data  dunp 

Approx. 30 seconds per  measurer;"t; 2 
measureaents per  subject .  

9 .  Derived quan t i t i e s  

o the r  measurements required N/ A 

8) 
simrltaneously f o r  calculat- 
i ons  

d i g i t a l  computation LC ( see  #13) 
6 

d i sp l ay  analog/digi ta l ;  loc- Dig i ta l  on processor readout 
a t ion;  updating frequency 

recording analog/digi ta l  D ig i t a l  c o q u t e d  value 

s torage time ana log /d ig i ta l  Unt i l  next data  dump 

10. Coqa r i son  wi th  previous data  N/A 

ll, Analog/digital display range & Digi ta l ,  0.05 t o  0.3 l i t e r s /cm H$ 
resolution/accuracy + - 5% design g o a l  

12, &inAkut  Prequency & o the r  m- Once a t  t he  end of each s e r i e s  of 

q ~ e r a n l s  measurements 





)EASURE>jENT D-SCRIPTION : (jbt2:i.n r::car;~?r.;!rn,nt-. of czr.<il.;lc out;r;ut from a r , a l .p i s  
f the ej:r;i.r,zd c;ryl,on d -j oxide (I?-> "C02 ), alveolar 

carbox d j o:ll ti.: (i:lL,.n ) and t h c  mixed venous carbon 
dioxide  ( Fycp ) L b a - ,  

6. 

-2 

1. Input s ignal  character is t ic3 1n:;pired arci expired CO 2 concestration-- 
h iphas ic ,  r e p e t i  t l v e  waveforin 

' 2. Electrodes, transducers, vest, ij!outhpieca, CD gas sampling head. 
harness 

2 

- 3. Signal conditioner(s) -- C02 gas analyzer (Godart, ~iJ5'8002) 

k. Range o f  measurement 3 t o  35 l i t e r s  

5. Frequency of measurement Once per  1-2 weeks 

6, Output signal  character is t ics  

analog/digital Analog xavef oms 

al;;;?li tude , 0-5 v o l t s  

freqcency rango :.]/A 

accuracy/sens i t iv i~j  - -t 2Sper  parameter  

7, Caxbration 

ty-pe & Lec'nrAque 

i"r e qde ncy 



rccordi ng nnnlo[:/diEital i3.E:ricr, ra3, cr)r,t,inous i'7r 10-20 scco~ds. 

(rnx, processed; continuouo, 
i n t c m ~ i t t c n t )  

manual/procrammed A o r  D 
switching 

manual/verbal data en t ry  

~'.rn~;rnn:nyd s-i;!n:~L rot] t,inz t o  Display :%Tonitor 
a:-irl rctcordc,r. 

Sub j c c t  i c lnn t i f  i c a t ion  and measurement mnber 

A/D conversion frequency 100 sps 

s torage time analog/digi ta l  

recording/storage quant i ty  
p e r  subjec t  

Digit ized u n t i l  next data dmp. 

45 seconds pe r  measurement, 2 neasurements 
per subzect. 

9 .  Derived quan t i t i e s  

o ther  measurements required 
sirmltaneously f o r  calculat-  , Alveolar GO .coccentration (F ), GO:, 

i ons  production BV C02 ) 
A~Q?.  

d i g i t a l  computation Yliy.ed venous C O2 concentration 

d isp lay  analog/digi t a l ;  loc- 
a t ion;  updating frequency n i g i t a l  d isplay of mixed venous GO2 concentra- 

ion (FGCO,) 

recording analog/digi.tal 

storage time analog/digi ta l  

L 

Digitized values. 

Digitized u n t i l  data du.r.p 

10. Coqar i son  with previous data 
X/ A 

3 2 ,  h l o g / d i g i t a l  d i q l a y  range & 
resolution/accuracy 

12. Pr in toa t  Cecyency & other  re--= 
qz;cireranC,s 

2,Xxed venous CO2 conc-?:1trati~n-30 to 9@--:2,p2 < 
Cardiac output 3-40 li ters/ximdte + - 10% d e s i g  
goa l  



where, 

Q = cardiac  on tylut (i.u 1-i t:;r~/~G.n:i:,~ 

*;co, = f r a c t i o n a l  coriccnt,rs*,ion of  202 i n  nixed -renous blood, 031;zj r:t'.C! frox e h i l i b r a t i o n  curve ( s e e  b e l c ~ ; )  

= f r a c t i o n a l  c c n c c n t r a t i o n  o f  GO2 i n  t h e  a l v e o l i ,  
obt,ained p r i o r  t o  c z r d i a c  ou tpu t  de t e rmina t ion  

* 
E q u i l i b r a t i o n  p o i n t  

. -. . + .  -. 

-% The " e q u i l i b r a t i o n  point1!  i s  defjncd a s  the f r a c t i o n a l  
concen t r a t ion  of CC?, a t  t h e  ti-;.n,'%:hen t h e  chanpe ir, 
C02 p e r c e ~ t a g e  i s  is is  t h a n  1.5 xm Fig beti:een t h e  s u b j e c t ' s  
expired gases and the  con ten t s  o f  t h e  r c b r e a t h i n r  baq. 



) ~ A s u ~ ~ N T  DESCRIPTIOI'I r Obtajn ~i~:as: !~~: ! r i r f~ t ,  ~f pi1?:?ontary c'iirw:?y r6;r;i:tnnce frorn 
t h e  si1~11.i tjarLoous cieJcl?c+, ion of t r a r h ~ a l  pressilr2 and 
airrray f lot :  (vilo:.r-T ni,cri-i~p t c r  ~ c c h : s i q u ~ )  

1. ~ q u t  s i g n a l  c h a r a c t e r i s t i c s  Aimin? flow ai-d t r achea l  pressure- both biphasic,  
r e p e t i t i v e  waveforms. 

2, Electp&es, t;ran$ducors, vast, dir.hiay flor-r--mouK!piece, !*%inland pr,eu,otach 
harness ' 

head, A1:.ll10 capsule ix @eer ~icronano?.eter .  
Tracheal pressure--pressure t ransducer  ( ~ t a -  
tha;;,, PM-5. 

3. Signal condi t ioner(s)  

4. Range o f  measurement 

5. Frequency of measurement 

A i r w a y  f10.l.i~- Greer ~5cromanoxeter  
Tracheal pressure- s t r a i n  gage c o u p l ~ r  ( ~ e c k -  
man, 14c9803) 

0.2- 10.0 cm 'd20 / l i t e r  / second 

Once per  1-2 ~ e e k s  

6. output signal c h a r a c t e r i s t i c s  

ana log /d ig i t a l  Analog -- See 1'13 

a q l i  tude 0-5 v o l t s  

frequency range N/A 

accuracy/sensit ivi t .4 - + 2 $ per pa rme te r  

7. CaUbrat ion 

Cfls & t e chn lq s  

£ r e  que ncy 

. - P r ? c : ~ l i b r a t f ~ c n  of rncu-!>tach head; ~+iil 7rcv;as 
electrical cnlibr~ilion for b o t h  s2ow ane pressure  

Once, prior to czch series of rr,enscr-?xents. 



* ' 
ci \:,play annloc/ciir,i  trrl (raw, ,i I ;. I? f f i::,; ::,(I -I;rr:cheal priir;r;-:rc-- S c 3  amI.lo~ 
pl-ocrsscd; l o c a l ,  remote; rn-., at12 ini;c:r;qLtt,eri'r,, 
coi~t,inuous, i n t e r m i  t t e n t )  

r cco rd i  ny: a;ln lol ; /di i7itnl  
(raw, processed; continuous, 
i n t ~ m i t t ~ c n t )  

rnanual/verbal data  e n t r y  

A/D conversion frequency 

s torage time analoe/digLtal 

recording/stora.ge quan t i ty  
per sub j ec t  

9, Derived quan t i t i e s  

,~r~;~;-:rm;;;.;-d : ; i ~ r i - 1 1  routi ny t o  Di splay ;ionitor 
and t o  2-pen rccordcr.  

Subject i-dcntif i c a t i o n  and rneasurexent mxnber. 

Digi.t,ized u n t i l  next da t a  dunp 

Approx. 30 seconds per  measurement 

o the r  measurements requ i red  L?/A 
. A s imil taneously  f o r  calcula t -  

i o n s  

d i g i t a l  computation R (see #13) a 

d i sp l ay  analog/digi ta l ;  loc-  3 i g i t a l  on processor readout, a f t e r  each 
a t ion;  updating frequency measwi3xent 

recording analog/digi ta l  D ig i t a l  .computed values 

s torage time ana log /d ig i ta l  Un t i l  next data durn? 

10. Comparison wi th  previous data N/A 

U.. Analog/digital d i sp l ay  range & Diqi ta l ,  0.3 t o  10.0 n g20 h i t e r / s ec . ,  
resolution/accuracy - S$,design goal  - 

7 

u. k i r i t o u t  frequency & other  R- Gncc a t  t h e  end of each xeasurement, 
q&e;;%nls 



. . - - i ;  - i it, l 
t!:~ k :  i . : ;  I tn bm;rth T I Q ~ ~ A I ~ ~ I ~  

yhC ;,iI. +;lc!x i:; , j i , c;c:t: ;it. f l ~ ' , i  mt-3 0f 
~ . s l i , j , ~ r s  pi:? sqconcj. 'i'nc t r j . ~ r : ~ r  foj- ti,<: i i l i ,~ lm~;r t . ion is corltrn1ir;d 

I . ' .  ' 
by a f 1~ d C t c c t i o n  c j.rc1li.L. i,:.;<) 712. ! . l i r . ; ~  r]::t2f-::;:;;~r;{ Y c , j ~  t k ~ C  CC)T,[>II',;J?~~O~~ 

of a i r f l o x  r i ; z j .~ t311~~ arc: f 1 . o ~  ra tc--t.ili.o w i l l  br: c o n s t a n t  it 0.5 1it.f.r:; 
scconci, ant a l v a o l a r  prossul,c--dc:li-.ct'i,? ( i : . i r i r > ; r  t h a  f l ~ w  i n t r : r r u ; j L i o n  

per iod.  Scc below, . 

i 
i n s p i r a t i o n  / e x p i r a t i o n  

TiiiGGER SIGNAL 

(in cm H 0) 
2 

Computation: 
pressure 

Airway r e s i s t a n c e  = 

flow 
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This doc~unent es inbl ishes  the  rcquirerc?nts for t h e  psrformance and design 
0:" the ;"ietaSolism $2 l i i l l r i t i o n  S I I ~ , ; ~ , ' S  tt,:!,  tog^ L,lier 1.1ith t h 5  requirements 
rieccssnsy f o r  providing interi 'nces w i t h  o ther  F9B subsystems, 

A number of mcasurerilents be1on::ing i n  t h i s  measurements group vere 
included i n  Sect ion 1 1 1 - D ,  Eynamic F l~ys io log ica i  Monitor and Section 111-F, 
Resp i ra to r j  Subsystem. T h i s  d iv i s ion  was necessary t o  obta in  l o g i c a l  equip- 
ment grouping based on operation, design, and data management requirements. 
The measurements discussed i n  t h i s  docmlelit a r e  t o  be obtained by means of 
per ipheral  equipment, which i s  not an i n t e g r a l  part of e i t h e r  the  DPPI o r  t h e  
Respiratory Subsystem. 

The outputs of t h i s  per ipheral  equipment a r e  t o  be displayed a t  t h e  PBCM 
s t a t i o n  on the  Display Monitoring Scope and/or on the  Dig i ta l  Displays, where 
appropriate a f t e r  computation by t he  h t a  Nanagement Subsystem. Other r e s t i l t s  
a r e  read off  v i s u a l l y  and a r e  entered manually v i a  t he  Numerical h t a  Entry 
Keyboard f o r  recording only. A l a r g e  number of measurements a r e  of a bio- 
chemical nature,  and a r e  discussed i n  Section 111-1, Biochemical Preparation 
and Analysis Subsystem. 

2.0 APPLICABLE DCCWTS 

Section 111-A contains a l l  appl icable  documents. 

3.0 TECHNICAL REQUIPSNE8TS 

3.1 Performance 

3.1.1 Functional. 

3.1.1.1 Overall  System Requirements. - The Metabolism & Nutr i t ion 
Subsystem must be c a p a ~ l e  of detect ing spec i f i c  measure~ent  changes, using 
non-invasive techniques with per ipheral  equipment. Most data required d i g i t a l  
d isplay a f t e r  computation, following e i t h e r  manual data entry,  or, i n  one case, 
following reading of f  t h e  maximum value on a t raced fo r ce  p ro f i l e .  The sub- 
system therefore  requ i res  an in te r face  wi th  t h e  computer t o  r e a l i z e  the  
computational requirements. No control  provisions w i l l  be required on t he  
PBCM panel. 

3.1.1.2 Measurement Requirements. - The Metabolism & Nutr i t ion Subsystem 
must be capable of measuring the  following parameters: 

* 
s Energy met%bolism (continuous O 2  and G O 2  ana lys i s  with breath-to- 

breath s e n s i t i v i t y )  a t  vasioils l e v e l s  02 a ~ t i v i t y ,  with the  subject  
breatGng e i t h e r  axbierit a&r o r  LOO'$ oxygen, 



o Core ( ens  con:rh) tc;nper2ture 

o Average sk in  t e m p e r u t ~ r e  

o Caloric in take 

o Muscle s i z e  and s t reng th  

o &lance s t ud i e s  ( f l u id ,  ni trogen,  mineral,  e l ec t ro ly t e )  

o Total  body water 

o Body mass 

The Energy Metabolism ( o ~  consumption and Cop ~ r o d u c t i o n )  a r e  derived 
by means of t he  Resp i ra to r j  Suisystem and are ,  therefore ,  discussed under 
Section 111-3'. Ear Canal Core Temperature and Average Skin Temperature ' 

requ i re  t h e  use of body-worn s igna l  condit ioners and vest/harness combinations 
These measurements have been covered i n  Section 111-D, Dynamic Physiological 
Monitor. Caloric in take  da te  w i l l  be entered v i a  the  Numerical Data Entry 
Keyboard. The Balance Studies, dealing with t he  in take  of f l u i d s  and so l ids ,  
a r e  biochemical measurements,and a r e  discussed i n  Section 111-1, Biochenical 
Preparation & Analysis Subsystem, 

The data  requirements f o r  the r emin ing  measurements, lifuscle Strength, A%scle Size, 
Body V l s s ,  Specimen Mass, and Tota l  Body Water a r e  delineated i n  Section 111-G 

- Appendix. 

3.1.1.3 Muscle Strength & Size. - The 1Iuscle Strength measurement must 
be capable of providing fo r ce  p r o f i l e  records, and a maxiaum fo rce  readout 
during each p r o f i l e ,  while t h e  subject  i s  performing a s e r i e s  of standardized 
exercises  aga ins t  res is tance.  These exercises  include, but a r e  not necessar i ly  
l imi ted  to ,  squat ,  dead lift, f o r e a , ~  cu r l ,  military press ,  standing bench 
press,  and rowing o r  cycling aga ins t  res is tance.  They cons t i t u t e  var ious  
combinations of i so ton i c  and isometric e f f o r t s ,  and a r e  intended t o  Eeasure 
a poss ible  decrease i n  s t reng th  of d i f f e r en t  sect ions  of t he  body's musculat-me 
as t h e  r e s u l t  of long-term weightlessness exposure. The fo r ce  exerted by t h e  
subject  va r i e s  between zero t o  400 pounds. The output of a force  transducer 
can be used t o  provide a record of t he  fo r ce  p rof i l e ,  bluscle Size w i l l  be 
determined by means of a tape measure, placed around various and prec i se ly  
determined anatomical loca t ions  on t h e  extremities.  

3.1.1.4 Body Mass. - A method t o  accurate ly  measure t o t a l  body class i n  
weightlessness i s  required t o  determine weight l o s s  o r  gain. The range of 
measurements extends from 100 t o  250 l b s ,  with an accuracy of 0.1% o r  better .  
A nondeliverable p ro to tme  LNSC u n i t  s imi la r  i n  p r inc ip le  t o  t h e  NASA-Thornton 
body mass measurement device w i l l  be used. s 

3.1.1.5 Specimen 1'kss. - A smcaller vers ion of  t h e  device used t o  measure 
body i2ass i s  rsqt;lr?c! t o  d l o t r  ~c341?r$f.,o ~n&:-t21i;-.c?ii:@at of t he  vass of ingested 
sou \ ;& t J i i c 2  t:a3P@Li;ld bid&, Tr.e .~ '&l igB  if' !, .Cik~CL~.c;!r+i:.:t~g ej-;t~:?dic: from 0.5 to lCOO 
g r h i s ,  w i t h  an accuracy- 02' 0.5$ o r  better, A nonusliverable I;?-!SC u n i t  si7lilar 
.in p r i n c i p l e  t o  the NASA-Thornton specimen mass measurernsnt device w i l l  ba u 3 ~ d .  



3 6  T o t , ~ l  Body !I?tc.r,  - It; orcrct. t,o Fir: a t i l e  t o  cletsmiine if a. loss of 
boci,:. I:CI g h t  13 due t o  dclrl;;tira t lc~ri  or t i   oil^ lor,,,, i I, 1s necessary t,o be rib li: t o  
measure: t h e  :.~xLer coni12liL of till. b0iJ.y. Oric  rnf.tAiiad c o n , ~ s t s  of i l svlng the 21;ib- 
j c c t  consume n known arnolint 01' t , r ~ t ~ a l , r d  water, anc3 t o  de temlna  tne  concent ra -  
tion of t r l t i u , ' i  in thc ul.-ine d f t c r  A. prc,-cr;~~:cm,ir~c:ci ?lai t in ,= pnr iod ,  A l t h ~ l l ~ h  
thxs  i s  the most a c c ~ r a t e  mr:th3d, the u;c of radioac:tive m a t e r ~ a l  and a  more 
e l a b o r a t e  procedure,  r e c j i l i r l n ~  more con1pie:i ecluipi-,ent,, a r e  considerqd ob jec t ionab le ,  
e s p e c i a l l y  i f  t h e  measurement has t o  be r epea t ed  a t  f r equen t  i n t e r v a l s .  A 
second method involves  t h e  i n g e s t i o n  of a lcnoxn amol~nt of e t h a n o l .  Af'ter a pre-  
determined wai t ing  pe r iod  t o  al low complete abso rp t ion  of t h e  a l coho l ,  t he  
b rea th -a l coho l  c o n c e n t r a t i o n  i s  determined by means of some c o l o r i m e t r i c  method. 
The Kitagawa technique ,  u s ing  g l a s s  gas d e t e c t o r  t ubes  appears  most s u i t a b l e  
f o r  s p a c e f l i g h t  a p p l i c a t i o n .  The method r e q u i r e s  f u r t h e r  v a l i d a t i o n .  

3.1.1.7 I n f l i g h t  Bone Densitometry, G a s t r i c  pH and P res su re .  - Only 
d a t a  handl ing  procedures  w i l l  be inc luded  i n  t h e  FBB provided t h a t  NASA s u p p l i e s  
t h e  s i g n a l  ou tpu t  requi rements .  

3.1.2 O p e r a b i l i t y .  - S e c t i o n  1 1 1 - A  FBB System Requirements ~ocumen t  con- 
t a i n s  a p p l i c a b l e  O p e r a b i l i t y  Requirements. 

3.2 I n t e r f a c e  Requirements 

The Metabolism & N u t r i t i o n a l  subsystem d a t a  output  i s  routed  t o  t h e  Data 
Management subsystem through d i r e c t  cab l ing  i n  t he  case  of fo rce  measurements 
u s ing  t h e  Exer-Genie and load c e l l  and mass meas-mernent . The t o t a l  body water  

.measurement d a t a  i s  r e a d  o f f  by  an  observer  and p laced  i n t o  t n e  Data  Management 
subsystem through t h e  Numerical Data Ent ry  panel .  D i g i t a l  r eadou t s  p r e s e n t  t h e  
da t a ,  e i t h e r  d i r e c t l y  a s  i n  t he  case  of t he  f o r c e  msasurement, o r  der ived  
informat ion  f o r  mass measurement and t o t a l  body water .  

3.3 Design and Const.ruction 

The Metabolism & N u t r i t i o n  subsystem w i l l  provide measurement d a t a  u s ing  
p e r i p h e r a l  equipment. Th i s  p e r i p h e r a l  equipnent  c o n s i s t s  of : Muscle S t r eng th  
Uni t ;  Body Mass Uni t ;  Specimen Mass Unit and T o t a l  Body Water. Data outputs  
from t h e  f i r s t  t h r e e  u n i t s  w i l l  be  made a v a i l a b l e  t o  t h e  PBDN s t a t i o n  through 
a  s u i t a b l e  cab le  i n t e r f a c e .  Data from the  l a s t  measurements i s  e n t e r e d  manually 
via the  Numerical Data Encry Panel .  The body and specimen mass measurement u n i t s  
a r e  non-de l iverable  equipment. Data ou tpu t s  from t h e s e  u n i t s  w i l l  be i d e n t i c a l  
t o  t h e  NASA-Thornton in s t rumen t s ,  and t h e  FBB Data Management System will be 
designed to completely i n t e r f a c e  wi th  those  ins t ruments .  

3.3.1 Sensors  a d  S i g n a l  Condit ioners .  - 
3.3.1.1 lv?uscle S t r e n ~ t h  Unit .  - The Muscle S t r e n y t h  Unit c o n s i s t s  of an "1 

i so . r , . j t r ic - i so tonlc  e x e r c l o o  ~ o v i c a ,  ( ~ , : r ! r - ~ n n i c ) ,  a load c e l l  f o r  measuring 
f ~ r c e ,  a b r idge  m p l i f i e r ,  arid a mouni-i :;$ i31 ltfor-:n. ' h e  Exer-Ccnie i s  a snail - .  
I;l*-f,ri cyllnt3sr tk:rough b7;+;-713 :? s1.10~1d.12 k i , a i d s 6  s t y i ~ ; l  l i n a  3 1 b e  pu l l ed .  
Conveniunl; F;aoz;Gn i+aciaics GC stlr>r';igs ctin be ~ L L Z C : I L ! ~  :,c) t,pe Slid 3~ t!,c Lin2? 
and t h e  fo rce  r equ i r ed  t o  p u l l  t h e  l i n e  through t h e  cylinder can be varied ~'ronl 
ze ro  t o  bQQ pour,ds by r o t a t i n g  t h e  outur  sleeve of t h o  cy l inde r .  The r o t a t i o n  



cttuses the l i n e  to bo ~,.rnpptil  around tqn internal. c:lpr,tan o r  snubbing post, 
Er-ict i i2n prorl~i.eed by .i;L.j .; snu:~ktin,: ?C 1; c-n :;up!ili 9:; tht: neci?szar;r rc:sis Lanee 
whcn t h e  l i n e  i s  pu l l ed ,  

C;?;*intitjntive rncri:;itr.i.s of f o r c c ,  i l k  pnlinr!,;, ni-c obtri incd by i n t e r p z i n g  a 
load c e l l  bet.uicen the  Euer-Genic nrifi it,;: p~ i inC of n t t n e k ~ e n t ,  T l ~ e c :  u n i t s  
m3ke up the  load c e l l  assembly: A tntt:-~rn uC/, >ihite (b id i r ec t i ona l )  force 
transducer,  a Stathnm Ui,4 - 500 Load Ccll Sccnssorj  to cover a force range 
o f  0 t o  500 lbs . ,  and a Stuthnm SC1l.OO Bridge Amplifier. 

P r inc ipa l  cha rac t e r i s t i c s  of t h e  load c e l l  assembly are :  

Load range 0-500 lbs .  

Maximum displacement 0.10 m 

Load l i m i t s  1& times ra ted  range 

Amplifier Power Input 115 v 60 Hz 

Signal  Input 12 mv/volt nominal 

Signal  Output 0-10 v DC open c i r c u i t ,  o r  0-5 EEL 

DC shor t  c i r c u i t  f o r  16 nv/v 
transducer fu l l - sca le  output 

The s igna l  output w i l l  be ca r r ied  t o  the  PBDM through a 6-foot 4-conductor 
shielded cable and routed t o  t he  computer f o r  recording. A forc2 p ro f i l e  i s  
required,  so time indexing i s  necessary. 

The exercise  p r o f i l e  t o  be followed w i l l  be kependent upon whether t h e  
apparatus i s  a t tached t o  t h e  f l oo r ,  t h e  w a l l ,  o r  some o ther  point .  During 
pu l l i ng  of t h e  cord, t he  body assumes various posi t ions ,  depending upon t h e  
groups of  muscles se lected f o r  exercise.  The exercise regime t o  be followed 
includes  four  bas ic  exercises: 

o Combination l i f e  ( includes  dead l i f t ,  t h e  squat, forearm cur l ,  
and m i l i t a r y  press  i n  a s ing le  continuous motion) 

o Standing bench press 

o Rowing against  r e s i s t r ~ n c e  

o Bicycling against  res i s tance  

3.3.1.2 Body Mass !.lea,curement Unit. - Mass measurements from 5 t o  250 l b s  
w i l l  be ac2omplished with t he  L?rSC Eody Phss Measuren:ent U n i t ,  Tile output of 
t h i s  device i s  s imi la r  t o  t h e  NASA-'Thornton equiprrient, although two d i f f e r en t  
programs \Jill have t o  bci provided t o  accommodate data  ranagement f o r  both 

'9 

systems. The input  t o  t he  e lec t ron ic  timing device i s  provided by the  in te r rup t ion  
o f  a l i g h t  path a s  the  un i t  o sc i l l a t en  on its t rack,  The f i r s t  impulse t r i gge r s  
t h e  i n t e g r a l  cysl.3 co~mbcr and in i t , i l t ; e s  t he  comt through t h e  pulser. After  
t h e  des i red number o f  cycles,  a s i P y s l  from the  p d s e r  gate  s tops  t h e  counter. 
Two bi-stable multivlibrationd a r o  connt;ctcd as a r i p p l o  counter with t he  f i r s t  



section g~zl.seti by n li yht , - - s~n: ; i  t i~ i f ;  t rc :n : - i r , t r , r ,  On.? oi~.t;i~t fr~i7 tach OP t b ~  
3 .  

rn! , i i l t iv ibr~ lors  ic: ;"t t i  L o  n r i  Ai i i )  g q t f ,  *:n,::h rirovicl:;, :in oi~Lp~;-l; st the end of 
Ll!c de; ircJ  number of c;.el.c:~, 

The cycle counter outpir-t i ~ l l l  tc c:~rric?d to tiilt: PRDl4 c o m p u t e r 9  which will 
p c r f o m  t h e  necess:irjr coriipl~tr~tion to conve r t  time to mass. 

3.3.1.3 Spccimcn Mass Mcnsurr~n~n t IJait. - Spccimcn mass mensurcc~entv 
from 500 milligrrxms t o  1000 g r m s  t r i l l  be nccomplishcd with t h e  LIGC ~ m i t .  The 
output of t h i s  device i s  s imi la r  t o  the  NllSi-Thomton device, although two 
separate  programs w i l l  have t o  be providc,d t o  cl.ccomnodnte both. The pr inc ip le  
of operation i s  i d e n t i c a l  t o  t h a t  described above, with t he  cycles  counter out- 
put c a r r i ed  t o  t h e  PBDM computer f o r  the  necessary timing and computation t o  
convert time t o  mass. 

3.3.1.4 Total  Body Water. - Total  Body Water w i l l  be measured by con- 
ver t ing  t he  breath-alcohol concentration, a f t e r  consimption of a standard amount 
of alcohol,  t o  the  concentrat ion of a lcohol  i n  t h e  body f l u id s .  

The measurement u t i l i z e s  an Unico No. 400 Precision Gas Detector (pump), a 
supply of Unico No. 104.A Ethanol gas detector  tubes ( ~ i t a ~ a w a ) ,  and a supply of 
100 proof ethanol. The l a t t e r  i s  non-deliverable. To operate t he  Gas Detector 
it i s  necessary t o  break off t he  t i p s  of a f r e s h  de tec tor  tube, i n se r t  tube t i p  
marked with a red dot i n t o  pump i n l e t ,  and p u l l  out  t h e  pump handle, which 
a u t o m t i c a l l y  p d l s  a 100 cc  gas scmLple through t h e  reagent bed. To lileasure t h e  
breath  alcohol concentration, t h e  subject  exhales a lveo la r  a i r  i n t o  t he  other  
end of t h e  tube while t h e  pump handle i s  being pulled out. The detector  tube 

- contains a chemical reagent which absorbs and r e a c t s  with t h e  gas o r  vapor 
being analyzed. A co lor  change i s  produced, t h e  length of which var ies  according 
t o  t he  concentration of t h e  mate r ia l  being measured. Tie length  of  t he  s t a i n  
i s  measured against  a ca l i b r a t i on  char t ,  provided with each s e t  of tubes. Con- 
vers ion f ac to r s  and v a l i d i t y  of t h i s  method requ i re  fu r the r  invest igat ion.  An 
accuracy of a t  l e a s t  .01 mg (per  m l  of body water) would be required. 

3.3.2 D i s ~ l a y s  and Controls. - A l l  measurement data  assigned t o  t he  
Metabolic and Nutr i t ion Subsystem i s  normally t rans fe r red  t o  the  computer f o r  
recording: a s i gna l  output f o r  muscle strength;  cycle counter output ca r r ied  t o  
t h e  computer f o r  necessary timing and computation t o  convert time t o  mass and 
subsequent recording o r  d i g i t a l  readout and pr in tou t  i s  desired;  and quan t i t a t ive  
evaluation f o r  Total  Body Water entered i n t o  computer t h o u g h  numerical Data 
Entry keyboard. 

3.3.3 Calibration Requirements. - Calibrat ion of t h e  load c e l l  involved 
i n  Muscle Strength measurenent w i l l  be accomplished using a known m s s .  Body 
mass measurement and specimen rcass measurement equipment w i l l  be ca l ib ra ted  
using a known mass t i e d  down t o  t h e  mass platforms. 

Total  body water breath  analyzer equipment a r e  pre-calibrated with each s e t  
of tubes provided with a ca l i b r a t i on  chart .  

3.3.4 . - The load c e l l  used i n  t he  Muscle Streng-bh 
evaluation requires  115 v input.  Total  Body Water determination requires  no power- 



L+,O B E S C R I P T I E  DEFINITION & BLOCK DIAGR1GG 

4 l Conceptuttl Design 

4.1.1 Design Objectives. - The Metabolism & Nutri t ion Subsystem w i l l  be 
,designed t o  measure and/or display data  on Muscle Strength a.nd Size,  Body MASS, 

',Specimen Mass, Total  h d y  Water, I n f l i g h t  Bone Densitometry, and Gastric pH and ' Pressure. Interconnection w i l l  be provided with t he  Data Management Subsystem 
f o r  da ta  handling and/or processing. Signal  conditioning i s  required only f o r  
t h e  Muscle Strength measurement a s  t he  remaining measurements a r e  e i t h e r  se l f -  

! contained with data  output made ava i lab le  t o  t he  PBDIII s t a t i o n  o r  require  visual 
in t e rp re t a t i on  and manual entry  of data.  

4.1.2 Desim Concept. - The Metabolism & Nutri t ion Subsyotem cons i s t s  of 
Muscle Strength mcnsurcment oquipment, Breath Analyzer k i t  f o r  Total  Body Vater 
evaluation and cablo assemblies. Thero i s  no requirement f o r  a separate  display 
panel o r  control .  Display where required w i l l  be presented on t h e  PEDM Sta t ion  
D ig i t a l  Readout assembly. 

Cable assemblies w i l l  be provided t o  pick up data  output from t h e  NASA/ 
Thronton Body and Specimen Mass Measurement Units. This data  w i l l  be fed  t o  t he  
Data Management computer f o r  processing and d i g i t a l  presentation.  I n f l i g h t  b n e  
Densitometry and Gastr ic  pH and Pressure da ta  output when defined by NASA may 
be connected t o  t h e  PBDM Stat ion.  It i s  assumed t h a t  the  s i gna l  w i l l  be properly 
'kmplified and be within 0-5v with inpu t  impedance l e s s  than 200&, 

4.2 Block Diagrams 

4.2.1 EquipmenC Elements. - LMSC w i l l  develop two equipment items - (1)  
Muscle Strength Evaluation U n i t ,  and (2)  Total  Body Water Analysis Kit. The 
Muscle Strength Evaluation U n i t  cons i s t s  of an r e s i s t i v e  exercise  device (fier- 
~ e n i e ) ,  load c e l l  t ransducer,  and amplj-fier. A su i tab le  nounting platform dl.1 
be provided together  with a cable assembly. The Total  Eody Mater Analysis 
cons i s t s  of Unico No, 10LJ Ethanol gas de tec tor  tubes (Kitagawa) and a supply 
of  100 proof ethanol. 

LMSC w i l l  provide a cycle counter output which w i l l  be s imi la r  t o  the  ou-t- 
put  of the ~ ~ ~ A / T h o r n t o n  mass measurement units by using in-house units t h a t  
operate  on t he  same pr inciple .  

Fig. 1 i l l u s t r a t e s  t he  ove ra l l  equipment block diagran f o r  the  Metabolism 
and Nutr i t ion Subsystem, The dotted ou t l i ne  indi.cates t he  non-delivornbl-a 
equipment. A s  shown,direct i n t e r f ace  occurs between the measurement equipzlent 

1 

and the  PBDM Data Management System with the exception o f  the  Total Sody Water 
measurement which requires  inputing data  through the  Numerical Data Entry Key- 
board, 

4.2.2.1 Total  Z:.d.y Water Analysis Procedure, - This rrieasurenent r e ~ u i r e s  
b r eaEng  o f f  t he  t i p s  of a f r e sh  de tec tor  tube, i n se r t i ng  t h e  tube t i p  mx-ked 
with a r ed  dot i n t o  pump i n l e t  and gu l l ing  out tho p m p  handle, which nutozatica%ly 
pul l s  a 100 cc gas sample through the  reagent bed, The subject  e-xhiles alveolar 





a i r  i n t o  the o t h e r  end of" the tube w h i l e  the p.iSip h:~. r~i i lc  is bell-ig pu l l ed  out,, W 
c o l o r  change is produced, the  length of which varies according to t h e  concentra- 
Lion o f  t h e  material being measured, The subject refers Lo a c a l i b r ~ i t i o n  c h a r t  
which y i e l d s  values f o r  various lengths ,  This datn i s  then entered i n t o  the PBDM 
Data Phnagement Subsystem f o r  fu r the r  processing and evaluation, 

i 
4.2.2.2 Exer-Genie. - The Exer-Genie Controllable force exerciser  i s  a t t a  

a t tached t o  a force  transducer which feeds through a s i p 1  condit ioner i n t o  
!$he da ta  management system. 
LL 

I ' 
4.2.2.3 Body and Speciman Mass Meas~rement. - Two o s c i l l a t i n g  devices f o r  

measuring mass feed s igna l s  i n t o  the  data  management systetn. The body mass 
measurement device i s  used f o r  determining t he  mass of personnel. The speciman 
mass measurement device i s  used f o r  specimens of much smaller mass. The pr inci -  
ple i n  both cases i s  t o  measure t h e  time required f o r  a number of l i n e a r  
o s c i l l a t i o n  cycles  f o r  which t he  measured mass determines the  period. This t i n e  
i s  then  converted t o  t h e  corresponding mass, o r  weight ba-sed on a 1-g environment, 
The lamp, shu t t e r  and phototransis tor  shown i n  Fig. 2 a r e  used t o  de tec t  t he  
beginning of each o s c i l l a t i o n  cycle of t h e  speciman mass measurexent device, A 
microswitch performs t h e  same function i n  t h e  body ITASS rneasurenent device, An 
e lec t ron ic  counter 2nd a stepping r e l ay  a r e  used t o  count t h e  desi red mnber of  
o s c i l l a t i o n s  f o r  t h e  speciman and body mass measurement devices, respect ively ,  
The corresponding time in te rmi l s  a r e  measured by an e lect ronic  timing device 
iuld t h e  masses ( o r  weights) a r e  computed using t h e  device ca l ib ra t ions ,  P r o d -  
s ions  a r e  a l s o  provided t o  manually en te r  d igi ta l .  da t a  into t h e  da ta  management 
system. 





SECTION 111-C 

APPENDIX 

mSmEME,fiIT I?EQII I~~l i ;>JTS MTA SESETS 

Measurement 

- Muscle Strength 
- Body Mass Measurement 
- Specimen Mass Measurement 

Total Body Water ( ~thanol technique) 

Page No. 



;~~~;\s~->-:.~*--'- 
, L ~  L itu\i I : ivluscle Strength 

;.;i;;rZSUi%;.ZNrI' D?scnl?TIO;U' : Obtain force prof S e  and record maximum force during 
performance of standardized exer-genie maneuvers. 

1. Input s ignal  charac ter i s t ic3  Biphasic, slowly moving wavefbm 

2. Electrodes, transducers 

3. Signal conditioner ( s )  

4. Range of measurement 

Eker-genie exerciser and tension type load c e l l  

Load c e l l  dr iver  and output amplifier 

0-25- lbs .  

5. Frequency of measurement Once per 1 - 2 weeks 

6. Output signal charac ter i s t ics  

analog/digital  Analog force prof i le  waveform 

a q l i t u d e  0-5 vo l t s  

f r e q ~ e n c y  range N/A 

aca racy / sens i t iv i ty  + of t rue  value 

7. Calibration 

t y p e  & technique 

3eqxency 



recordin$g a n a ~ o ~ / d i a t n l  
(raw, prsccsscd; continuous, 
i n t c r x i t t c n t )  

m a r ~ u a l / ~ r o ~ r a m c d  A o r  D 
switching 

manual/verbal data  e n t r y  

A/D conversion frequency 

s torage tima a m l o g / d i g i t a l  

recordiW/storage quan t i ty  
per sub j ec t  

Rriw, an-dog, ictennrl t tcnt  wa7/cfom 
on Dis2La.y Konitor and on 2 pen recorder 

&IJ, analog, digitized, interaittenl , 

wnvef o m  

Signal rout ing t o  Display Ilonitor 
programmed; I4anual t o  2 pen recorder 

Subject i d e n t i f i c a t i o n  and measurement 
number 
100 sps. 

Digit ized waveform u n t i l  next da ta  dump 

Approx. 1 2  runs 10  seconds each 

9. Derived q u a n t i t i e s  Maximum f o r c e  during each run 

o ther  measurenents requ i red  
sb.ultaneously f o r  calculat- 

N/A 

? .  
a ,, 

i ons  

d i g i t a l  computation Readout* only 

d i sp l ay  analog/digi ta l ;  loc- Dig i ta l  d isplay of max. fo r ce  during 
at ion;  updating frequency each run on processor readout 

recording analog/digi ta l  Max. fo r ce  i n  d ig i t i z ed  format 

s torage time a m l o g / d i g i t a l  Digit ized u n t i l  next data dump 

10. Coxparison with previous data N/A 

23.. Aiialog/digital d i sp l ay  range $L Analog and d i g i t a l  displays 0-259 
re solution/accuracy l b s ,  2 2% d i g i t a l ,  2 4% analog 

2-2, t o u t  eequency & other  re- Once f o r  each 
erfints 



Read off and record r.a~irmZ? force, 

?-'--'- 

loo 

So 

0 
Time 3 4 / O  seconds. 

Typical cxmple of force prof i le  d w h g  N m i l i t a ~  bench press" exercise. 



SV3-SYSTF;X -4eLabolisrn G Nutrition 

$s!L su ~ 3 :  E; : Body Mass i.:easurement 

] . ~ A s u ~ , , ; ~ E N T  D3SCRIYTION : Doterrnination of body mss by measuring the period of 
three cycles of free osc i l la t ions  i n  the z-axis, with 
the subject strapped doxn on a special  low f r i c t i o n  
l i n e a r  spring device. 

1, Input s ignal  charac ter i s t ics  Timer s t a r t  and stop pulses 

' . 2 ,  Electrodes, transducers Photo-electric c e l l  a s  a high resolution zero 
crossing detector 

-. 3. Signal conditioner (s) Six decade d i g i t a l  timer and counter. 
1 

5. Frequency of nieasuremont Once per  1 - 2 weeks 

6. Output s ignal  charac ter i s t ics  

analog/digi%al Time only i n  d i g i t a l  f o m t  

a q l i t u d e  .O-5  vo l t s  ( ? )  
, '  

frequency range N/A 

acct;racy/sensitivity 0.1 S$ accuracy 

7, Ca l ib rz t ion  

type & teebmique 

frequency 

Frc-calibrated with standard weights 

M/ A 



ciis?ln;;y a n n l ~ ~ / d i - ~ i .  t + ~ l  (raw, b i ? , w ,  tli,git,ri..l.. , i n t e d t t e n l   ti;^ on 
;?yoccr;sed; 1 0 ~ 3 1 ,  rc::!~ LC; D jgitnl xcldout 
conl;.nuous, i n t e r i n i t t e n t )  

r c  c o r d i n c  annioE/diEi t ,n l  b w ,  digital t ine ,  i n t e d t t e n t  
(raw, proccsscd; continuou3, 
i r i t cxS . t t cn t )  

mnnun l /p roc r~~m~d  A or  D S i g n a l  rout ing programmed 
switching 

~ a n u a l / v e r b a l  data  en t ry  Subject i d e n t i f i c a t i o n  and measurement 
number 

A/D conversion frequency N/A 

s torage timo analog/dig5tal  Digit ized unt i l  next data  dump 

recording/storage quan t i ty  5 seconds f o r  each measurement, t o  be 
p e r  sub j ec t  repeated t h r ee  times f o r  each subject  

otr-ier measurements requ i red  
s i x u l  tam ously f o r  calcuia  b 
i o n s  

d i g i t a l  computation .. . Period = A + B Mass 

d i sp l ay  analog/digi ta l ;  loc-  Ylss i n  d ig i t i z ed  forinat on Digi ta l  
a t ion;  updating frequency Readout a f t e r  each IUI 

recording arialog/digital  Mass i n  d ig i t i z ed  format 

s torage t h e  analog/digi ta l  Digit ized u n t i l  next data  d m p  

10. Corqarison with previous data N/A 

11. ~ n a l o ~ / d i g i t a l  d i sp l ay  range & 
rzesolution/accuracy 

12, Printout. fisqdency et a t h s r  re- 
q u c r a 5 t 5  

100-250 lbs, 2 e l $  

After  each measurement 



The exse t  cor~raernicjrl i.':'or?a~il.a fcir tt,e ;Il iorntsn device h*is yet to be obtaized 
i rom t11.c PlitSA 



;.xAsGRF>ZIT D'2SCRIPTION : Deternli~ia t ion  of  spechen  mass by measuring t h e  period 
of f i v e  cycles of f r e e  o sc i l l a t i ons  i n  a s ing l e  axis, 
with tho spccirnsn f i rmly  at tached t o  a low f r i c t i o n  
l i n e a r  spr ing device 

1, Input  s i g n a l  c h a r a c t e r i s t i c s  Timer start and s top  pulses  

' .2. Electrodes, transducers Photoelect r ic  c e l l  as a high reso lu t ion  
zero cross ing detector  

- 3. Signal  condit ioner (s )  Six  decade d i g i t a l  t imer and counter 
I '. 
- 

4. Iiange of measurement 

5. Frequency of neasurernent 

0-500 grams 

Soveral times da i l y  

6. Output s i g n a l  cha rac t e r i s t i c s  

analog/digi ta l  Time only i n  d i g i t a l  format 

a q l i t u d e  .O-5 v o l t s  

f r e q ~ e n c y  range N/A 

.GI% accuracy preferred > accuracy/sensi t iv i ty  

Pre-calibrated with standard weights 



di ,:,lay --. a ~ : n l o ; : / ~ i i ~ ~ " c ,  (rns;, LII) digSLc21, intemilitten~ tins cjn 

PI-occssed; l o c n l ,  rcxo t o ;  D i g i t a l  Readout 
con:.inuo~ls, i n te r :n  i t t e n t )  

- I ~ c o ~ d i n [ :  , a n n l ~ , ~ / d i ~ i t n l  &iv, digital time, intermittent 
(raw, pt-occsscd; con tinxous, 
i n t c m i t t c n t )  

rnnnunl/program,cd A o r  D Signal rout ing programed 
switching 

nanua l /vc~ba l  data en t ry  Subject  and specimen i d e n t i f i c a t i o n  and 
measurement number 

A/D conversion frequency N/A 

s torage time analog/digLtal Digit ized u n t i l  next da ta  dul~p , 

record iw/s to rage  quantity 5 seconds f o r  each measurement, t o  be 
per  specimen. repeated t h r ee  times f o r  each specimen 

9. &rived q-cant i t ies  Specimen Ihss 

other neasurenents requ i red  
sirsl l taneously f o r  calcula-t- 

N/A 
-. 

i o n s  

d i g i t a l  conputation Period = A + B-mass + ~ , m a s s 2  + - 
d i sp l ay  a ~ a l o ~ / d i ~ i t a l ;  loc- Mass i n  d i g i t a l  f o m t  on D ig i t a l  
a t ion;  updating frequency Readout a f t e r  each run 

recording analog/digi ta l  Mass i n  d ig i t i z ed  format 

s torage time ana log /d ig i ta l  Digit ized u n t i l  next data  dump 

10. Coxparison with previous data 

ll. ~ n a l o g / d i ~ i t a l  d i sp l ay  range & 0-500 grams, 2 0.01% accuracy 
resolution/accuracy 

12,  &intout, kequency & other  re- After  each neasurenent 
qAne~fints 



Thc es;ic"ccon~rcrsioE f o n l ~ d n -  far t i i c  T h o r i i t ~ ~  dr,;.ice has yet, t o  be obta ined  
from the NASA 



" " ( . q , " . a '  S1;,3-d : ~ A J L L , L  : Mr>Lnbolii:),n & f i l t r i t i o n  

. , - 7  5 pi " 7 - . F 7 '  , ., ,, .J,, ,:. , , iq,XT CRWP fie tnboliuiq fr Ijut,riCion 

i . 3  ;, sd ,=;,I ~4 : ~ o t d  ~ o d y  Wii.ter (Ethanol technique) 

XEASUPG>ZWT DXSC8IPTIOX : Deternine t o t a l  bod$ water bj measuring breath 
ethanol coricentm.tion 30 minutes a f t e r  ingestion of 
standardized amount of 100 proof ethanol. 

1. Input s ignal  charac ter i s t ics  V i s d  observation only 

- ' . 2 .  Electrodes, transducsrs 

3. Signal conditioner(s) 

4. b n g e  of  measurement 

Unico No. 4.00 Precision Gas Detector (pump) 

Unico No. 10@ Ethanol gas detector tubes 
( lCitagava) 

Once per 1-2 wceks 

5. Frequency of rmasuremant 

6, Output signal charac ter i s t ics  

analog/digital  N/A 

a q l i  tude N/A . 

freqxency range N/A 

acc1?_xacY/sensitivd,ty N/A 



recording nnnloG/dicital  
(raw, processed; cont,inuouo, 
in.Lc1~i1i.t tent )  

rnanual/verbal data  en t ry  

A/D conversion frequency 

s torage time amlog/di@.t;al 

recording/storage quan t i ty  
per sub j ec t  

o the r  measurements requirod 
s i~ .u l taneous ly  f o r  calculat-  
i ons  

l4easure length of discolored sec t ion  
of reagent c o l u ~ ~ n ,  and en te r  concentrat ion 
on data en t ry  heyboard. 

Subject i d e n t i f i c a t i o n  and measurement 
number 
N/A 

Digit ized value u n t i l  next data  dump 

Minimal, repeated a t  2; ) )  30 and 45 
minutes a f t e r  inges t ion  of ethanol 

d i g i t a l  computation 

Total  Eodg Vater 

Volume of XI0 proof (10%) ethanol 
ingested; provis ional lp  es tabl ished a t  
2.5 d. 

Total  body water = 25 

% breath a lcohol  
d i sp lay  analog/digital ;  loc- Dig i ta l  value of above equation on 
a t ion;  updating frequency Processor Readout 

recording analog/di@tal  

s torage time analog/digi-kl 

Dig i ta l  values of t h e  th ree  d e t e d n a t i o n s  

Digitized u n t i l  next data  dump 

10. Coxparison with previous data N/A 

U, A.naloE/digital d i sp l ay  range & 40,000 t o  80,000, i 1% 
resolution/accuracy 

12, Pr in tou t  *"re~ency Rc other  se- Three values f o r  each raeasure~xent 
~ 1 . :  U J i  %*p-q2t2 * 4 l r  



13, ::isccllnn,,our; inlcor;7ntiorA, t~c"c-(;l:; on rofor6:nccd It;rx;lr;, e t c ,  
/ 

prcsont ly zvaiJ.fibLe stnni32rd Kit:i;;:i7,rn i i l b e ~ ( l J n i ~ 9 ,  T n e  K O ,  IOl'+A - edilncol) 
h3ve a range 0;' O,O,!,. to 5;;. Tilcir o c r , s i l i v i t y  fbr !,lie LCM ~ o r ~ ~ ~ : l t r 2 % ~ o r , ~  0f 
interest for this measurc~,lenc riiust be conside;.ably knpsoved, wh i l e  t h e  upper 
lirriii; E~CLY be reduced t o  1%. 





SECTION 111-H 

IMELMS FUNCTIONAL BREADBOARD ( FBB) SYSTEN 

P E R F O ~ M ~ ~ ~ C E / ~ S I G N  

BEKAVIORAL SUBSYSTEM 



I 

1.0 INTRODUCTION 
\ * 

2.0 UPLICAELE DOCUMENTS 

3.0 TECHNICAL REQUIREMENTS 

3.1 Performance 
3.1.1 Overall System Functional Requirements 

3.1.1.1 Overall Measurement Requirements 
3.1.1.2 Overall Procedural Requirements 
3.1.1.3 Individual Test Requirements 

3.2 Interface Requirements 
'I, 3.2.1 Behavioral ~easurement/~B~~ Station Interface 

3.2.1.1 Activity Centralization 
3.2.1.2 Means for Self-Administration 
3.2.1.3 Control of Extraneous Stimuli 

3.2.2 ~ubj ect/~~ui~ment Interfaces 
3.2.3 ~ehavioral/l?ate Management Interfaces 

3.2.3.1 Visual 
3.2.3.2 Auditory 
3.2.3.3 Psychomotor 
3.2.3.4 Complex Behavior 

3.3 Design and Construction 
3.3.1 Vision Tester 

3.3.1.1 Test Materials 
3.3.1.2 General Configuration 
3.3.1.3 Power Requirements 

3.3.2 Audiometer 
3.3.3 Performance Panel 
3.3.4 Critical Tracking Task 

4.0 DESCRIPTIVE DEFINITION AND ELOCK DIAGRAMS 

APPEXDIX - BEHAVIOU PROCEDURES 



This document e s t a b l i s h e s  the  rcr~iliscrricnts t'or the  performance and design 
of the  Behavioral  Measurement Subs:jstf?rn toge the r  wi th  i n t e r f a c e  requirements 

LI wi th  t h e  o t h e r  subsystems. The Behavioral  Measurement Subsysteni c o n s i s t s  of a  
v i s ion  t e s t e r ,  audiometer,  performance panel  wi th  c r i t i c a l  t a sk  t r ack ing ,  and 
aud i to ry  and v i s u a l  communication and recording equipment. Contro l  of  s t i m u l i ,  
procedures scor ing ,  and t h e  c a p a b i l i t y  f o r  r e v i s i o n  o f  t h e  t e s t  elements a r e  
provided through t h e  Data Management Subsystem i n t e r f a c e .  

2.0 APPLICAEiLE DOCUMENTS 

Sec t ion  111-A FBB System Requirements documect con ta ins  a l l  a p p l i c a b l e  
documents . 



1 

3 .1  Performance 
, 

1)'  

3.1.1 Overall  System Functional  Requirements. - The Behavioral Test  
Element s h a l l  c o n s i s t  of a s e t  of measurements which assess  representa t ive  
aspects  of on-going mission r e l a t ed  behavior.  The techniques s h a l l  have 
desc r ip t ive ,  d iagnos t i c ,  and predic t ive  value, and be compatible with mission 
operations and spacecra f t  hardware. The se lec ted  t asks  a r e  based on the  
following c r i t e r i a :  

o Selected t a sk s  must be acceptable t o  those  who must perform them 

o Measures t o  be included must r e f l e c t  c r i t i c a l  behavior 5 ,  
o Requirements f o r  equipment should be minimized 

o Measures must be  s ens i t i ve  t o  s l a r l y  changing long-term 
t rends ,  as w e l l  as sharp changes i n  t he  l e v e l  of performance 

o The se lec ted  t asks  should show a high l e v e l  of r e l i a b i l i t y  
over repeated adminis t ra t ions  

o The condi t ions  under which t h e  t asks  a r e  administered 
should be con t ro l l ed  and repeatable  

o Administration time should be  as sho r t  as poss ible  

o Performance scor ing should be object ive  and should require  
l i t t l e  o r  no e f f o r t  on t he  part of a t e s t  evaluator  

' 

o The c h a r a c t e r i s t i c s  of t he  t a sk s  must be r e a d i l y  modified 
t o  provide many "equivalent" forms of each t a s k  

o Amount of spec ia l i zed  i n s t ruc t i on  should be minimized 

o The t e s t s  should be self-administered,  i f  a t  a l l  possible 

3.1.1.1 Overall  Measurement Requirements. - The range of behavior t o  be  
assessed,  t h e  major t e s t  ca tegor ies ,  and c h a r a c t e r i s t i c  equipment a r e  given i n  
Table 1. 
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Movement Measures, w i l l  be accomplished through the  use of an integrated t e s t  
apparatus which permits the  subjects  t o  se l f -adminis ter  a l l  t e s t s .  Each t e s t  
w i l l  be conducted from the  PBDPi s t a t i o n ,  which i s  capable of programming a l l  
necessary t e s t  events ,  d r i v ing  d i sp l ay  devices ,  and recording and processing 
responses. Select ion of the  t e s t ( s )  t o  be conducted during a given t e s t  sess ion 
w i l l  be made by appropr ia te  e n t r i e s  inse r ted  by the  subject  a t t h e  PSDM s t a t i o n .  



Dynamic s t r e n g t h  
Gross Body Gross body coord ina t ion  Movement Stamina 

Continuous 
Con t ro l  

C r i t i c a l  t a s k  t r a c k i n g  

Perceptua l ,  Rate of ga in  of in format ion  
Cognit ive Complex p e r c e p t u a l  process  

V i s u a l  monitor ing 

Complex Monitor ing P r o b a b i l i t y  monitor ing 

Behavior Auditory monitor ing 

I Complex Mental Memory p roces ses  
Processes  Media t iona l  processes  

Time and motion s t u d  

I n t e r p e r s o n a l  Wr i t t en  Communication 
Behavior Opera t iona l  Evalua t ion  Reports  

Derived from P h y s i o l o g i c a l  
Measures 



Test  i n i t i a t i o n  w i l l  be :~nder co~rmand of' t he  3iiX?,ject. In  t he  case of s i ng l e  
, t e s t s  o r  mult iple t e s t s  condmctei! i.n srgrlence, eacn test w i l l  be i n i t i a t e d  by a 

separate  command from the  sub jec t .  Tn the  case of mult iple t e s t s  conducted con- 
cur ren t ly ,  i n i t i a t i o n  of t he  t e s t  ba t t e ry  w i l l  be cornmanded by the  subject  with 
coordination of the  component t e s t s  being accomplished by automatic pro,gran?xning. 

'' When a command f o r  t e s t  has been implemented, t h e  subject  w i l l  be presented wi th  
a s i g n a l  indicat ing "Test i n  Progress". T h i s  s i gna l  w i l l  remain present u n t i l  t h e  
t e s t  i s  completed, a t  which time it w i l l  te rminate .  For those t e s t s  which involve 
d i s c r e t e  t r i a l s ,  a "Ready" s i gna l  s h a l l  be presented t o  t he  sub jec t  p r i o r  t o  the  
beginning of each t r ia l ;  a " T r i a l  i n  Pro,gressH s igna l  s h a l l  be presented at  t h e  
start of each t r ia l ,  remain present d ~ i r i n g  t he  t r ia l ,  and terminate a t  the  end of 
the  trial;  and any response occurring outs ide  the  t r i a l  period s h a l l  be re jected.  

3.1.1.3 Individual  Test Requirements. - The following sec t ions  de l inea te  
t h e  func t iona l  requirements f o r  each individual  behavioral  measurement. The 
organization of the  t e s t s  proceeds from measures of simple sensory functions t o  
niedsures of more complex higher order processes. 

\\ 

3.1.1.3.1 Vision Tests .  - The v i sua l  functions t o  be measured s h a l l  
include:  acui ty ,  b inocular  depth perception, dark adaptation,  photostress,  
phoria, C F F ,  and co lor  matching. The func t iona l  requirements f o r  each t e s t  e l e -  
ment are del ineated below : 

Visual  Acuity Tes t .  - This t e s t  provides a measure of t h e  sub j ec t ' s  v i sua l  
acu i ty ,  i .e . ,  a  measure of h i s  a b i l i t y  t o  resolve d e t a i l  i n  the  v i sua l  f i e l d .  
The t e s t  cons i s t s  of present ing the  sub jec t  with a t e s t  f i e l d  of known br igh t -  
ness which contains ca l i b r a t ed  t e s t  mate r ia l s .  Each s e t  of t e s t  mater ia ls  con- 
sists of  a number of t e s t  pa t te rns ,  in  which the  c r i t i c a l  d e t a i l  i s  oriented i n  
a d i f f e r e n t  d i r ec t i on .  The minimum s i z e  t e s t  pa t te rn  f o r  which t h e  subject  can 
co r r ec t l y  ind ica te  t h e  o r ien ta t ion  of t he  c r i t i c a l  d e t a i l  i s  taken as  the  thresh- 
o ld  value. 

Stereoscopic Depth Perception Tes t .  - This t e s t  provides a measure of t he  
s u b j e c t ' s  a b i l i t y  t o  judge depth, based on an angular d i s p a r i t y  of a s tereo-  
p a i r  of images. The t e s t  cons i s t s  of present ing t h e  subject  with a t e s t  f i e l d  
of  known br ightness ,  containing a ca l ib ra ted  s e t  of' s t e r eo  images. The smal les t  
angular d i s p a r i t y  f o r  which t h e  subject  ind ica tes  a perception of depth is  taken 
as t h e  threshold value.  

Adaptation Test .  - This t e s t  provides a measure of t he  r a t e  at  which the  
s e n s i t i v i t y  of t he  s u b j e c t ' s  v i sua l  system ad jus t s  from the  prevai l ing luminance 
l e v e l  t o  a condit ion of darkness, over a period of 20-30 minutes. The t e s t  con- 
s i s t s  of presenting the  subject  with a darkened v i sua l  f i e l d  a f t e r  he has become 
l i g h t  adapted t o  a v i s u a l  f i e l d  02 knarn b r igh tness .  The  darkened f i e l d  con- ', 
t a i n s  a red f i xa t i on  po in t .  A t e s t  patch i s  presented i n t e r i ~ i t t e n k l y .  I t s  
br ightness  i s  increased from sorne minimal value t o  a point  a2 which i t  i s  Just; 
de tec tab le  by t h e  sub jec t .  T'ne l a t t e r  ind ica tes  detect ion of tile t e s t  patch 
and r e s e t s  t he  br ightness  of' the  tes t  patch in  preps-ration f o r  another measurre- 
ment. The successive br ightness  l eve l s  thus obtained, cons t i t u t e ,  when plot ted 
as a function of time, a measure of the  s u b j e c t ' s  dark  adaptation rate. 



Test of Photos tress a T h i s  tes t  nleasures the  s e n s i t i v i t y  of the eye t o  sudden 
I \  changes i n  l i g h t  e n e r g y .  i t  cons is-ls of prcsenti ng tne  sl-ib,ject ? ~ i t h  an izdaptation 

f i e l d  of  b a r n  'orightriess, containin:; a Fixation point  a t  the center  of t h e  f i e l d ,  
A t  t he  end of a predetermined exposure period, the  su3,ject i s  stibjected t o  a b r i e f ,  

9 \ h i g h  i n t e n s i t y  f l a sh  of l i g h t ,  and immediately t he r ea f t e r  is presented with a t e s t  
 patch. m e  time fo r  the  t e s t  patch t o  become v i s i b l e  i s  taken a s  the  index of 

pho tos t ress .  Throughout the  t e s t  period, the subJect  continues t o  observe t he  
t e s t  f i e l d ,  preventing h i s  eyes from becoming l i g h t  adapted. 

Phoria.  Phoria t e s t s  measure the  tendency of t h e  eyes t o  devia te  from a co- 
inc iden t  l i n e  of regard when t h e  stimulus t o  fusion i s  l o w .  This is  accomplished 
by present ing separate  images .to the  two eyes and measuring t h e  apparent respect ive  
pos i t i on  of t h e  images. The sub jec t  w i l l  view test s l i d e s  and repor t  t h e  apparent 
pos i t ion  of t he  f igure  elements. The reported posi t ions  is  converted t o  a measure 
of phorie. i n  terms of angular devia t ion of the  l i n e  of regard from nornal .  

\ 
\ \ 

C r i t i c a l  F l icker  Fusion. - This is a measure of the  a b i l i t y  of the  v i sua l  
system t o  temporarily resolve successive f lashes  of l i g h t  which may vary i n  
i n t e n s i t y ,  duration,  and frequency, The t e s t  w i l l  be perfomed by requir ing the  
sub j ec t  t o  observe a sequence of t e s t  s t imul i  and ad jus t  f l a sh  frequency u n t i l  the  
po in t  of fus ion i s  reached. The c r i t i c a l  f l i c k e r  frequency w i l l  be taken as  a 
measure of perfomance , 

Color Matching Tes t .  - This t e s t  provides a measure of t he  sub j ec t ' s  sub- 
, jective judgement of color br ightness  ; , The t e s t  cons i s t s  of presenting t h e  
subject  wi th  standard colored t e s t  patches in  one port ion of the  v i sua l  f i e l d  and 
an ad jus tab le  achromatic grey s ca l e  i n  t h e  other port ion of t he  f i e l d .  The sub- 
j e c t  ad ju s t s  t he  grey sca le  t o  t he  point  where i t s  judged brightness matches t h a t  
of t he  colored port ion,  denotes acceptance of t he  match, and terminates the  t r ia l .  
Luminance values of t he  grey s ca l e  obtained from t h e  s u b j e c t ' s  s e t t i ngs  cons t i t u t e  
t h e  measure of h i s  subject ive  judgement of color  br ightness .  

i 
3.1.1.3.2 Audiometric Measurement. This t e s t  provides a measure of the  % 

s u b j e c t ' s  absolute audi tory  thresholds and, by deriva.tion, h i s  speech frequency 
thresholds .  The t e s t   consist;^ of' presenting the  sub jec t ,  monaurally, by means of 
a ca l i b r a t ed  headset, a sequence of pure tones of prescribed frequency with a 
programzed va r i a t i on  i n  s i gna l  i n t ens i t y .  Euring t he  presenta t ion period f o r  
each t e s t  frequency, the  sub jec t  compensates f o r  t h e  programmed changes i n  intens- 
i t y  by ad jus t ing  a con t ro l  t o  maintain the  tone a t  a j u s t  audible  l eve l .  Record- 
ings of  these  adjustments provide t he  ba s i s  l o r  determining threshold values a t  
each frequency. 

3.1.1.3.3 Psychomotor Measures. - The following measurements represent 
techniques f o r  assessing simple psychonotor processes which require  minimal 
higher order thought processes. C1 

Am,-Rand Steadiness.  - This t e s t  i s  a measure of the  a b i l i t y  t o  nake precise  
pos i t ion ing  movements vnere strenetin and speed a r e  minimized. The sub,ject i s  
required t o  hold tkc  ha1:d and s r m  s tcady wnile f u l l y  extended and unsupported, 

, ::du,.ire of perr'orrr,a,lzce i s  the  n ~ ~ b e r  of excursions without locking the  e ibov ,  The i?- -..' 
of t he  extended arm beyo:ld the  i L r i L i t r ;  of a minimal. tax-get erea, 



- T h i s  is a rnc?s1lre of' ihe 8biLiLy t o  make r ap id  repet -  
between two sci,inceiit target areas ,  u s i n g  the  f i nge r t i p s  

of the prt l l  r rcd hand. A s  a  measurc of p?ri'ormznce tile nl~rnber of contacts  w i t i ?  
t h e  t a rge& :tr':as is  measured during spec i f i ed  time periods. 

b es , , , , ! , I .  Orienta t ion.  - This i s  a measure of the  a b i l i t y  t o  make rapid  u- 
d i r e c t i ~ n : ~ , l  11 i scriminations and co r r ec t  o r i en t a t i on  of movement pa t t e rns .  The 
subject  if; ~,r.l:sented with non-spat ia l  stiniulus and is  required t o  make a movement 
i n  t h e  apjrr.oi~~'iate d i reckion as  indicated by p r i o r  ins t ruc t ion .  The cumulative 
response I,~,,,I: f o r  a s e r i e s  of co r r ec t  responses i s  taken as  t he  index of 
performa.nr.l. 

Speecj o f '  Arm Movement. - This i s  a measure of the  a b i l i t y  t o  make gross 
d i s c r e t e  ,.,!I rriovements where acclzrac y i s  not  a pr ine  requirement. The sub j e q t  
moves t h e  l.xt,c:nded arm from one t a r g e t  a r ea  t o  a d i s t a n t  t a r g e t  a rea .  The re -  
dponse m e r , , ; : ~ ~ ~ ~ ?  is  the  amount of time t o  make s i ng l e  descre te  responses. 
' t 

~ ~ 1 . t  I l i !fj i)  Coordination. - T'nis is  a measure of t he  a b i l i t y  t o  coordinate t h e  _ _  --- 
movements (,; a number of lin?os s i n ~ ~ l t a n e o u s l y  and requires  t he  subject  t o  make a 
s e r i e s  of 1.0!1 Lro1 movements using both hands o r  hands and f e e t  simultaneously. 
Perfommcc: is measured i n  t e n s  of response time and accuracy i n  performing t he  
component I , I L : J ~ S  I 

Sta t i r :  ::trenp,th. - This is  a measurement of  the  maximum force  which a sub- _.- 
j e c t  can ,./~,r-t f o r  a b r i e f  period of time where t he  force is  exerted continuously 
up to thj-:: rri:~,-ximum aga ins t  ex t e rna l  objects  . This a b i l i t y  w i l l  be measured by 
requ i r ing  t,b: sub jec t  t o  exe r t  maximum force  agains t  a force  sensor such a s  a 
dyna,momet;c:r. The time-force pa t t e rn  and the  maxiztium force  level exerted s h a l l  
be taken f i f :  rr~easures of pe r fonance .  

Dynn,,lil: Strength .  - This i s  t h e  a b i l i t y  t o  exe r t  muscular forces  repeatedly - - 
o r  contirr i lo~,; ;  LY over -time, represent ing muscular endurance and res i s tance  t o  
f a t i m e .  ! i ,  ? r i l l  be measured d\zri.ng a t a sk  which requ i res  use of a s e t  of muscles - 
whose fun(: f, i r)n i s  t o  propel ,  support ,  o r  move the  body f o r  prolonged periods.  
Operation ( , I '  a b icyc le  ergometer i s  t y p i c a l  of such a t a sk .  The measure of per- 
formance ~;il:r.i-l be the  time-force pa t t e rn  of response and the  maximum output 
l eve l s  ac 1 ,  i 1: ,red over time , 

Gros!: ;!r,dy Coordination. - This is  a measure of the  a b i l i t y  t o  coordinate - -- 
simultancr),i;: ac t ion  of d i f f e r en t  pa r t s  of t he  body while making gross body 
movementfi. 'i.'his measurement w i l l  be maae i n  conjunction wi th  t h e  performance of 
o ther  IMJ:~:'.:; t e s b  when such a combination is  f ea s ib l e .  Neasurements w i l l  be made 
by time i , r i ( ;  !riotion techniques.  Tn? measure of performance w i l l  be time and 
accuracy ( , I  ;,erformanCe. 

1 

Star. i , i  ,-. This i s  a  measure of the c a p x i t y  t o  continue maximum e f f o r t  r e -  
p- 

qui r ing  I,, ~,.ofi&ed exer t ion  over t i r n c ,  and i n  physiological  terms is  known as  
casdiovs , ,~  , ' ILL '  enci'irance. 210 sep3.rate ~rieastii-e of % h i s  c apab i l i t y  w i l l  be required 
bu t  it i ! uc3 derived Y r o m  measures of the  cardiovascular  system. 



- Peri'ornance on t h i s  t a s k  r e f l e c t s  the funct ioning 
, of t h e  s u b j e c t ' s  con~in\lious con t ro l  c a p i u i i i t i e s  and thlrs,  i n d i r e c t l y ,  the  pre- 
I 

c i s i o n  and temporal a s ~ e c t s  of h i s  motor responses, as  w e l l  as  t h e  perceptual  and 
mediat ional  aspects  of h i s  i n f o m a t i o n  processing.  The t a s k  c o n s i s t s  of manual 
compensatory t r ack ing  of an inc reas ing ly  unstable  control led  element, up t o  t h e  

A poin t  a t  which c o n t r o l  i s  l o s t .  The c o n t r o l l i n g  responses of t h e  subject  a r e  
accomplished by means of a srna.11, hand o p r a t e d  con t ro l  s t i c k .  Performance is 
scored i n  terms of t h e  l e v e l  of i n s t a b i l i t y  a t  which c o n t r o l  is l o s t ,  y ie ld ing  a 
measure of t h e  s u b j e c t ' s  e f f e c t i v e  time delay  when t racking.  

3.1.1.3.4 Measures of Complex Perf'ormance. - These t e s t s  represent  measures 
of complex behavior involving perception,  dec i s ion  making, memory, and conceptual 
func t ions .  

Rate of Gain of Information. - This is  a measure of t h e  amount of information, 
etcpressed i n  b i t s ,  which t h e  human sub jec t  can process. It r e f l e c t s  the  temporal 
c h a r a c t e r i s t i c s  and. s torage  capac i ty  of t h e  Cen t ra l  Nervous System. This a b i l i t y  
is measured by requ i r ing  the  sub jec t  t o  make choice responses t o  mul t ip le  choice 
s i t u a t i o n s  and measuring reac t ion  time as a funct ion of number of s t imulus 
a l t e r n a t i v e s  . 

Visual  P a t t e r n  Perception.  - This t a s k  t e s t s  b a s i c  processes important i n  
p a t t e r n  perception as an index of t h e  general  l e v e l  of awareness of t h e  sub jec t .  

* A  6 x 6 c e l l  matrix i s  used t o  present  pa t t e rns  oiS varying complexity and s i m -  
i l a r i t y  o r  d i s s i m i l a r i t y  a t  a f ixed  rate. When t h r e e  successive pa t t e rn  d isplays  
are presented t o  t h e  sLibject, he is required  t o  ind ica te  whether t h e  second o r  t h e  
t h i r d  p a t t e r n  was t h e  same a s  t h e  f i r s t .  

Discre te  S igna l  Monitoring. - Performance on t h i s  t a s k  r e f l e c t s  the  monitor- 
ing,  v ig i l ance ,  and a t t e n t i o n  processes opera t ive  dur ing watchkeeping behavior. 
The t a s k  c o n s i s t s  of de tec t ion  of t h e  onset  of normally "o f f "  l i g h t  s igna l s ,  and 
de tec t ion  of t h e  cessa t ion  of normally "on" l i g h t  s i g n a l s .  Detection time is 
measured. F a i l u r e  t o  respond t o  a s i g n a l  change wi th in  a f ixed  period is con- 
s ide red  a "miss." The s i g n a l  changes t o  be detec ted  a r e  presented randomly w i t h  . 

respec t  t o  t h e  type  of change, t h e  d i s p l a y  a f fec ted ,  and t h e  time of occurrence. 
This t e s t  w i l l  normally be conducted simultaneously wi th  t h e  performance of another 
t a s k  i n  the  t e s t  b a t t e r y .  Performance i s  scored f o r  each type of s i g n a l  i n  terms 
of number of c o r r e c t  responses, number of f a i l u r e s  t o  respond, and time t o  respond. 

P r o b a b i l i t y  Monitoring. - Performance on t h i s  t a s k  r e f l e c t s  t h e  funct ioning 
of  t h e  s u b j e c t ' s  v ig i l ance ,  a t t e n t i o n ,  perceptual  and mediat ional  processes.  The 
t a s k  c o n s i s t s  of monitoring four  analog meters whose po in te r s  a r e  driven i n  
random pa t t e rns  about a mean value a t  t h e  cen te r  of t h e  s c a l e  and de tec t ing  t h e  
in t roduct ion of a b i a s  i n t o  t h e  reaffirgs of any one of t h e  meters.  Detection time 
is measured. Fa i lu re  t o  respond t o  the biased condit ion wi th in  t h i s  f ixed period 
is considered a "miss" atid t h e  d i sp lay  i s  automatically r e s e t  t o  i t s  n o m a l  con- 
d i t i o n .  The s i g n a l s  t o  be detec ted  a r e  presented randomly. Thls t e s t  w i l l  nor- 
mally b e  conducted sirnlr1taneousl;r wi th  t h e  performance of another t a s k  i n  t h e  t e s t  
b a t t e r y .  Perfomance i s  scored i n  k e n s  of nuxber of c o r r e c t  responses, nunber 
of f a i l u r e s  t o  respond, t o t a l  n-~ucoer of' responses, and time t o  respond. 



ari t lzl l~etic prob1~1111:; each ol' ~ t l i i c ' h  /~!volvr~:;  I , t ~ r ~  n ~ c a r ~ l , : ~ L  nriciii,ior~ o i  iwo ri i l i~J10~3 and 
t h e  mental sub t rac t ion  oL' a t h i r d  n ~ ; r d ~ c r  i'rorn the  rcmcnlbercd surn of the  f i r s t  two. 

a Each problem i s  presented f o r  a f ixed t ime.  The sub,ject must ind ica te  h i s  so lu t ion  
p r i o r  t o  t he  disappearance of the  problern from the  d i sp lay .  Performance is 
scored i n  terms. of t he  nwnber of answers recorded and t he  number of co r r ec t  ans- 
wers. 

Mediational Processes.  - Performance on t h i s  t a sk  r e f l e c t s  the  funct ioning of 
non-verbal mediat ional  processes such as  t he  f i l t e r i n g ,  s torage,  and encoding of 
information during problem-solving behavior.  The t ask  cons i s t s  of solving a 
s e r i e s  of t h r ee  problems. The subJect  must deduce t h e  transformation which was 
appl ied  t o  one sequence of f i ve  numbers i n  order t o  generate a second s e t .  He 
yppl ies  t h i s  transformation t o  the  second sequence i n  order t o  generate a t h i r d  
and t e s t s  t o  see i f  t h i s  t h i r d  sequence is  co r r ec t .  Performance i s  measured i n  
terms of t he  nwnber of sequences solved, t he  time required per sequence and t he  
number of e r r o r s  per sequence. 

Work Measurement. - Performance of rou t ine  complex t asks  which r e l a t e  t o  
spacecra f t  systems operation s h a l l  be assessed by time and motion study techniques. 
Means s h a l l  be provided f o r  observing and recording the  act ions  involved i n  
se lec ted  taslcs i n  a manner trhich permits ana lys i s  of s p a t i a l  and temporal char- 

.. a c t e r i s t i c s  of t h e  ongoing behavior. 

3.1.1.3.5 Individual  & In terpersonal  Behavior. - These measures a r e  d i rec ted  
tawards assess ing  complex ind iv idua l  adjustment ana in terpersonal  r e l a t i o n s .  

Open Verbal Communication. - Direc t  voice communication with %heastronauts 
aboard t h e  spacecra f t  v i a  voice l i n k  t o  t he  ground is required as a means of 
assess ing  s t a t u s  and as  a b a s i s  f o r  in te r roga t ion  and f l e x i b l e  communication. 
Measure of performance may be qua l i t a t i ve ,  o r  may be  quan t i t a t ive  and systematic 9, 

f o r  s p e c i f i c  mission segments. 

Writ ten Communication. - This technique provides a means of recording and 
l a t e r  a ssess ing  personal  and p r iva te  a t t i t u d e s ,  opinions and observations r e l a t i v e  
t o  ind iv idua l  and in terpersonal  behavior. Q u a l i t a t i v e  judgements, content  
analyses,  and systematic ana lys i s  of verbal  s t r uc tu r e  and handwriting w i l l  serve 
as measures of performance. 

Operational  Evaluation Reports. - This technique provides a means of eval-  
ua t ing  mission r e l a t e d  a t t i t u d e s  and evaluation of function through systematic,  - 
s t ruc tu red ,  and t i e m e  sampled r a t i ngs  of re levant  operat ional  a c t i v i t i e s ,  equip- 
ment, provisions and personal equipnent. The measure of performance s h a l l  be the  
verbal  r epo r t  of t h e  subject  being analyzed by systematic ground based techniques. " 

. - This measurement category s h a l l  include a va r i e t y  of 
post-f  l i g h t  evaluation techniques including performance t e s t s  , interviews and 
reviews of operat ional  f l i g h t  procedurt;~ and events .  Systeaat ic  object ive  tech- 
niques s h a l l  be employed xiie7-e possib1.e t o  evaluate  e;nd analyze r e s u l t s .  



3,2 I n t e r f a c e  Requirements 
i 

3.2.1 Behavioral  ? ! ~ e a s u r e m c n t / ~ ~ ~ r ~  S t a t i o n  I n t e r f a c e .  - For t h e  most p a r t ,  

0 
B e h a v i ~ r a l  Tes ts  will 'oe conducted at the IJEDi4 S t a t  ion. I n t e r f a c e  requirexents  
involve the  c e n t r a l i z a t i o n  of t h e  o p e r a t o r ' s  a c t i v i t i e s ,  the  provis ion of  means 
f o r  t h e  se l f -adminis t ra t ion  of t h e  t e s t s ,  and the insu la t ion  of t h e  sub jec t  from 
extraneous condi t ions .  Concurrent behaviora l  and physiological  measurement 
w i l l  b e  required  in some cases .  

3.2.1.1 A c t i v i t y  Cen t ra l i za t ion .  - This requirement includes provision of: 

o A f o c a l  l o c a t i o n  from which the  sub jec t  performs the  t e s t s  

o An in tegra ted  arrangement of d i s p l a y  devices f o r  present ing t e s t  
'I\ s t i m u l i  and o the r  t e s t  information 

'I 

o An in tegra ted  arrangement of c o n t r o l  devices by which t h e  sub jec t  
can make t h e  required  responses 

o Space and f i x t u r e s  wi th in  t h e  d isplay-control  a r e a  f o r  mounting 
and supplying inputs  t o  p r i p h e r a l  t e s t  equipment when i n  use 

o Readily access ib le  s to rage  space f o r  pe r iphera l  t e s t  equipment 
when not  i n  use  

o Easy access  t o  t h e  means f o r  recording iden t i fy ing  information 
p r i o r  t o  test  

o Easy access t o  t h e  means f o r  commanding t e s t  programs and t e s t  
events ;  and 

o The c a p a b i l i t y  f o r  conducting c e r t a i n  physiological  measurements 
(EEG, EKG, e t c  . ) simultaneously wi th  behavioral  measurements 
without  procedural  in te r fe rences  

3.2.1.2 Means f o r  Self-Administrat ion.  - This requirement includes pro- '  
v i s i o n  of : 

o Means by which the  sub jec t  may i n s e r t  i n t o  t h e  record t h e  necessary 
i d e n t i f y i n g  information p r i o r  t o  t e s t  

o Means by which the  sub jec t  may command and i n i t i a t e  t e s t  programs 
and t e s t  events t 

o Automatic means f o r  progra.rrniing a11 necessary t e s t  events ,  d r i v i n g  
d i sp lay  devices ,  and recording and processing 

3,2 .l. 3 Control  of Extraneous S t imul i .  - This r e q u i r e ~ ~ e n t  includes : 

o .  Suppression of any non-test  s t i , nu lus  a r i s i n s  Prom operat ion of PL3:E 
equipment which r r~ igh t  serve  as a cue f o r  res2onse dur ing t e s t  per- 
f  ormanc e 



o Elimination of  any requirement f o r  a c t i o n s  o the r  than those 
ii involved i n  the  t e s t  being performed 

I 

o  Suppression o f  extraneous s t i m u l i  i n  t h e  environment while a 

6 
\ t e s t  is be ing  conducted 

1 

3.2.2 sub j e c t / ~ q u i ~ m e n t  I n t e r f a c e s  . - The fol lowing sub,ject/equipment 
i n t e r f a c e s  w i l l  e x i s t  dur ing  performance of Behavioral  Tes ts  a t  t h e  PBD4 s t a t i o n .  

o  P re - t e s t  e n t e r i n g  of i d e n t i f y i n g  information 

o  A p r e - t e s t  commanding of s p e c i f i c  t e s t  prcgrams and procedures 

o  Vision Tes t ing  scor ing  
I' ! , o Auditory scor ing  

o  C r i t i c a l  Tracking Task scor ing  

o  Performance Measurement Evaluat ion and scor ing  

o  Observation of s u b j e c t  dur ing  work 

o  Voice l i n k  and hard copy logs ' 

3.2.3 ~ e h a v i o r a l l ~ a t a  Management I n t e r f a c e s .  - The d a t a  management system 
(DMS) w i l l  provide t h e  means f o r  s e t t i n g  up a p a r t i c u l a r  t e s t  element, con t ro l -  
l i n g  t h e  n a t u r e  and t iming of s t imulus p resen ta t ions  and procedural  s t e p s  as 
requ i red  by t h e  ind iv idua l  t e s t s ,  recording,  computing, and present ing  t e s t  
r e s u l t s ,  and i d e n t i f y i n g  t e s t ,  time and s u b j e c t .  

The fol lowing subsectiorls o u t l i n e  t h e  tes t  procedures involved i n  ca r ry ing  
o u t  t h e  Behavioral  measurements. Appendix A conta ins  d e t a i l e d  procedural  s t e p s .  

3.2.3.1 Visual .  - The t e s t  sub jec t  w i l l  c a l l  up the  appropr ia te  t e s t  pro- 
cedures b y  i n s e r t i n g  commands i n t o  the  computer. The s u b j e c t  w i l l  i n i t i a t e  
ind iv idua l  t e s t s  b y  a c t i v a t i o n  of a start s i g n a l .  Tes t  sequences w i l l  be  computer 
programmed and each s t imulus  item o r  mode w i l l  be i d e n t i f i e d  wi th  r e spec t  t o  t h e  
na tu re  of t h e  t e s t ,  t h e  p a r t i c u l a r  s t imulus ma te r i a l ,  and i t s  order  of appearance 
i n  a s e r i e s .  The s u b j e c t ' s  responses w i l l  be  compared t o  t h i s  coded information 
and dependent measures computed and s t o r e d  f o r  d i sp lay .  

/ / 3.2.3.2 Auditory.  - A pre-progrmmed Eekesey ty-pe audiometer w i l l  be em- T 

ployed. The device  automat ica l ly  prepares a  p l o t  of threshold  amplitude versus 
frequency f o r  each e a r  sepa ra te ly  and sequen t i a l ly ,  a s  it cycles  through i ts  
program. The Data Management i n t e r f a c e  requ i res  s t a r t  and s t o p  co~msnds,  a means 
of des ignat ing  which e a r  is being t e s t e d ,  and a  record of s t imulus amplitude 
versus  frequency. 

3.2.3.3 Psychomotor. - In general ,  f i n e  motor a b i l i t i e s  t e s t i n g  procedures 
r equ i re  t h e  t e s t  s u b j e c t  t o  c a l l  up the appropr ia te  t e s t  yroeedures b y  i n s e r t i n g  
a  command i n t o  t h e  data processing systcm.  S\lb,ject w i l l  i n i t i a t e  t e s t  s t a r t  
sequence. The d a t a  management i n t e r  face provides ready s ignals  and s t a r t .  



Gross pos i t ion ing  a b i l i t i e s  and cross body movement t e s t i n q  procedures a r e  

!\ s i m i l a r  t o  those above. Soine rrieasurernents such os  t he  multilimb coordinat ion 
w i l l  involve simultaneous taslc performance. Other measurenients such a s  s t a t i c  
s t r e n g t h  and dynamic s t r e n g t h  w i l l  r equ i re  u t i l i z a t i o n  of suppor t ing  t e s t  equip- 

, ment such as  t h e  ergometer,  and Exer-Genie. 
6 '  

The C r i t i c a l  Tracking Task u t i l i z e s  a  se l f -conta ined u n i t .  A s  such, i t s  
i n t e r f a c e  wi th  t h e  DMS c o n s i s t s  o f :  Tes t  s e t u p  command-turn on, w a r m  up, and 
s e l e c t  program f o r  t iming and measurement and measurement sens inq,  s to rage  and 
readou t ,  Each t r i a l  run is  i n i t i t i t e d  by t h e  s u b j e c t  who f i r s t  commands t h e  com- 
pu te r  t o  s e t  up t h e  t e s t .  The t r i a l  i s  i n i t i a t e d  by the  sub jec t  a f t e r  "Test i n  
Progress" s i g n a l  comes on.  The t r ia l  ends when the  s u b j e c t  loses  c o n t r o l .  He 
then commences a new t r ia l  a f t e r  a 15 second r e s t .  A f t e r  5 trials,  t h e  s e r i e s  is 
completed. The DLW provides a measure of performance i n  terms of t h e  mean h 
value over t h e  5 trials . 

'\  * 3.2.3.4 Complex Behavior. - I n  genera l  t h e  processor w i l l  c o n t r o l  the  o v e r a l l  
t iming and sequencing of t h e  t e s t s ,  s e l e c t i o n  of t h e  st imulus elements and perform 
c a l c u l a t i o n s  r equ i red .  For r a t e  of gain of information t e s t i n g ,  t h e  processor w i l l  
b e  requi red  t o  program t h e  t e s t  s t i m u l i  and perform ca lcu la t ions  of t h e  r eg ress ion  
equations f o r  analyzing t h e  r e s u l t i n g  d a t a .  During t h e  complex perceptual  processes 
eva1uat ion) the  processor w i l l  generate t h e  s tandard  and t e s t  p a t t e r n s ,  provide 
scor ing ,  and p resen ta t ion  of knowledge of r e s u l t s  t o  t h e  opera to r .  Visual  monitor- 
i n g  w i l l  b e  con t ro l l ed  by t h e  d a t a  management system by present ing  on-off c o n t r o l  
on l i g h t s  which w i l l  be programmed t o  change s t a t e  f o r  a spec i f i ed  time period.  
P r o b a b i l i t y  monitoring w i l l  be accomplished s i m i l a r l y  w i t h  t h e  DMS d r i v i n g  analog 
meters .  k i d i t o r y  monitoring requ i res  t h e  s u b j e c t  t o  c a l l  up t h i s  t e s t  v i a  i n -  
s e r t i o n  of a command i n  t h e  DIYIS. The DMS w i l l  c o n t r o l  t h e  p resen ta t ion  of test  
s t i m u l i  which s h a l l  c o n s i s t  of a tone   resented i n  a r egu la r  sequence o f  "beeps" 
and program which p resen t s  simals a t  an average r a t e  of  8 per hour. The DblS 
w i l l  c o n t r o l  o v e r a l l  t iming and sequencing of t h e  memory processes tes t ,  generate 
t h e  t e s t  problems, perform scor ing  and p resen ta t ion  of knowxedge of r e s u l t s  t o  
t h e  opera to r .  Mediat ional  Processes w i l l  be  accomplished using t h e  DNS t o  provide 
d i f f e r e n t  $ - d i g i t  sequences a s  problem u n i t s ,  evaluate  t h e  s u b j e c t ' s  responses 
and score  r e s u l t s .  

3.3 Design and Construct ion 

The B e h a v i ~ r a l  Measurement Subsystem w i l l  incorpora te  equipment t h a t  has 
had p r i o r  t e s t i n g  acceptance, d i s p l a y  arrangements t h a t  optimizes s u b j e c t  i n t e r -  
face ,  and eccepted t e s t i n g  procedur9s. Commercial equipment w i l l  be  used wherever 
poss ib le  and development of unique o r  new st imulus m a t e r i a l  w i l l  be  minimized. 
The Behavioral  Measurement Subsystem c o n s i s t s  of four  major t e s t i n g  u n i t s  
(1)  Vision, (2 )  Auditory, (3)  Perfomance Panel ,  and (4 )  C r i t i c a l  Tracking Task 
Uni t .  Table 1 summarizes t h e  equipment a s soc ia ted  wi th  s p e c i f i c  measurements. -a 

3.3.1 Vision T e s t e r .  - This u n i t  w i l l  be an in tec ra ted  device and w i l l  
con ta in  a l l  sources of stimuli. ,  a l l  necessary sub jec t  pos i t ion ing  a i d s ,  o p t i c s ,  
t e s t  s t i m u l i ,  i l l m i n a t i o n  c o n t r o l ,  con t ro l s  and d i sp lays ,  prograrming l o g i c ,  md 
computer i n t e r f a c e .  I t  w i l l  permit the  s a b j e c t  t o  perform independently each of 
t h e  v i s i o n  t e s t s  included i n  the  t e s t  b a t t e r y ,  



The vis ion t e s t e r  cons i s t s  or 8. binocular  viewing system f o r  films or s l i d e s  

!I f o r  s t i u~u lu s  prescnl:tlion, s ~ ~ p p ~ l c r r ~ f ~ r ~ t c ~ l  ?)y it.17 op(;icfL wr~il[:e :wit1 brllnncr?, and a 
sh\ltt;cr systc~ll I'or l ~ i r t i  L I I : L I I ~ C  : 1 1 r t i  I,c~irijlor*:~.-I coi l  l r o  1. ol' tilt Lcs L concii t i orio . Sup- 
plenlentary elemen-1;s prov itlc I'or hcad I' ; x C r  Lion, art; i.f i c i a l  pupi l ,  nr-.ar/L'ar viewing, 
and p r e t e s t  adapta t ion l e v e l .  Tests  w i l l  be s e t  up by computer i n s e t .  A l l  r e -  

a sponses a r e  made by simple non-visual potentiometer adjustment o r  switch c losures  
while t he  subject  views t he  presented mate r ia l .  

3.3.1.1 Test  Mater ia ls .  - Acuity t e s t  mater ia ls  w i l l  c ons i s t  of ca l ib ra ted  
Landolt "C"s o r  "Ens. Contract between symbol and background w i l l  exceed loo$. 
Figures w i l l  be produced on t rans i l luminated f i lm s t r i p s  o r  s l i d e s .  Test  s t i m u l i  
must be arranged i n  random order  with respect  t o  pos i t ion  of the  gap i n  t he  "C1's 
o r  o r ien ta t ion  of t he  "E"s . Gaps w i l l  be or iented a t  1 of 4 values, 90 degrees 
apa r t  wi th  t he  t o p  of t he  f i e l d  designated 0 degrees. 

Stereoscopic Depth t e s t  mate r ia l s  w i l l  cons i s t  of Binocular stereoscopic 
lmdges on f i lms t r i p s  o r  s l i d e s .  The t e s t  s t imu l i  w i l l  be a ca l ib ra ted  s e r i e s  of  
images which appear t o  s tand out  from the background reference plane, a s  a r e s u l t  
of ca l ib ra ted  d i f fe rences  i n  stereoscopic viewing angle between each pa i r .  Tes t  
materials w i l l  be arranged i n  random order wi th  respect  t o  magnitude of the  s t e r eo -  
scopic angle and pos i t ion  on t he  s l i d e .  Increments i n  angle w i l l  be i n  minutes 
over t h e  acu i t y  of 20-10 t o  20-40 range. 

Adaptation t e s t  mate r ia l s  cons i s t  of (1)  a red f i xa t i on  point  subtending 
114 degree located i n  t he  cen te r  of a monocular f i e l d ,  (2 )  a preadaptation f i e l d  
homogeneously i l luminated and subtending 10 degrees and (3) a t e s t  patch subtend- 
ing  2 degrees coincident  on cen te r  wi th  the  f i xa t i on  po in t ,  An a r t i f i c i a l  pup i l  
2 mm i n  diameter is  required i n  t he  eyepiece. White l i g h t  w i l l  be used. 

Photostress t e s t  mate r ia l s  a r e  i d e n t i c a l  with those f o r  adaptat ion except 
f o r  t h e  addi t ion of t h e  s t r e s s e r .  This w i l l  be a b r i e f  f l a s h  of l i g h t  (50 m l ,  
0 .1  - 1.0 seconds) introduced a t  spec i f i c  times nominally a t ' t h e  rod-cone break 
and t he r ea f t e r  when t he  observer has recovered s e n s i t i v i t y  t o  t h a t  l eve l .  

Phorias t e s t  mate r ia l s  w i l l  c ons i s t  of ca l ib ra ted  binocular  t e s t  f rane .  
The view t o  one eye s h a l l  be a red arrow o r  l i n e ,  e i t h e r  v e r t i c a l  o r  hor izonta l .  
The view t o  t he  o ther  eye s h a l l  be  a corresponding achromatic l i n e a r  ( v e r t i c a l  
o r  hor izonta l )  s ca l e  with s ca l e  posi t ions  represented by numbers. 

C r i t i c a l  F l i cker  Frequency t e s t  mater ia ls  w i l l  c ons i s t  of an in te rmi t t en t  
achromatic c i r c u l a r  t e s t  patch, monocularly presented, subtending lo of a r c .  The 
t e s t  patch i l luminat ion s h a l l  be f ixed a t  a value between 5 t o  20 m l .  The s t i m -  
u lus  s h a l l  be  presented a t  frequencies i n  the  range of 20-50 cps with a nominal 
duty cycle of 10$ on, 90% of f  . The t a rge t  s h a l l  be presented agains t  a unif o m  
dark surround. The sub jec t  w i l l  be capable of continuously ad jus t ing  f l i c k e r  
frequency during t he  t r ia l .  

Color Matching t e s t  mater ia ls  w i l l  cons i s t  of c i r c u l a r  colored t e s t  patches 
of 2 degrees centered i n  t he  r i g h t  ha l f  oP the  t e s t  f i e l d  and a neu t ra l  grey patch 
of 2 degrees, centered i n  t he  l e f t  port ion of the  f i e l d .  The s i x  colors  s h a l l  
correspond t o  K0da.k Wratten f i l t e r  values 6 ,  9,  25, 57, 61, and l a .  The b r igh t -  
ness of the  grey s ca l e  s h a l l  be under con t ro l  of the  sub j ec t .  



3.3 . l . 2  General Configurat ion.  - The subject  must be comfortab1:f posi t ioned 
,\ w i t h  respec t  t o  t h e  b inocular  eyepiece,  vh ich  i s  d e s i a e d  t o  accept d i f f e r e n t  

i n t e r o c u l a r  d i s t a n c e s .  Means must he provided f o r  maintaining head pos i t ion .  
'The eyes must be shie lded from a l l  l i g h t  except t h a t  from t h e  t e s t  ma te r i a l s .  
The sub jec t  must have access t o  t h e  con t ro l s  while t h e  head remains f ixed i n  ' viewing p o s i t i o n .  The device must be posi t ionable  t o  accom~odate ind iv idua l  
size/shape v a r i a t i o n s .  Overa l l  package s i z e  should be minimized, and be with- 
i n  15" he igh t ,  10" width and 20" depth.  I n t e r n a l l y ,  t h e  device must be con- 
f igured t o  provide a b inocular  view of the  t e s t  ma te r i a l s .  Means must be pro- 
vided f o r  occluding t h e  view from e i t h e r  eye o r  both ,  as determined by t h e  com- 
pu te r  program. 

3.3.1.3 Power Requirements. - The Vision T e s t e r  w i l l  r equ i re  115 v, 60 Hz, 
and DC regula ted  power. Two 0 -to 5 v o l t  analog s i g n a l s  w i l l  be required  t o  d r i v e  

' 

continuous funct ions .  Control  s i g n a l s  w i l l  be + 3.5 v DC. The input  inipedance 
w i l l  n o t  be  l e s s  than 1000 ohms. A l l  s i g n a l  r e t u r n s  must be e l e c t r i c a l l y  i so -  
l a f e d  from t h e  case and a l l  input  and output leads  n u s t  be  twis ted  p a i r s .  

3.3.2 Audiometer. - A Tracor A R J - 4 ~  automatic recording audiometer i s  
s e l e c t e d  f o r  t h e  aud i to ry  measurements. This device o f f e r s  subject -control led  
test  records  of t h e  hear ing thresholds  automat ica l ly ,  No s p e c i a l  t r a i n i n g  is  
needed. Major c h a r a c t e r i s t i c s  of t h e  system a r e  : 

Power : 115 v o l t s ,  60 HZ 

Frequencies: Automatically programmed o r  manually se lec ted :  500, 
1000, 2000, 3000, 4000, and 6000 Hz 

Dimensions: 9$' x 12" x 21" 

Weight : 32 pounds 

Output s i g n a l s  w i l l  be  presented t o  t h e  Data Management System f o r  record- 
ing and/or computational s e r v i c e  i f  required .  

3.3.3 Performance Panel.  - This u n i t  w i l l  c o n s i s t  of a s e t  of d i sp lays ,  
c o n t r o l s ,  and i n t e r f a c i n g  equipment t o  permit conduction of a l l  psychomotor and 
complex performance t e s t i n g ,  wi th  the  exception of t h e  continuous c o n t r o l  t a sks  
which w i l l  be conducted wi th  t h e  C r i t i c a l  Tracking Task Unit .  

The sub jec t  must have t h e  c a p a b i l i t y  t o  command and execute any t e s t  s i n g l y  
and s p e c i f i c  t e s t s  i n  combination with o the rs .  The device w i l l  c o n s i s t  of an 
assembly of l i g h t s ,  pushbuttons, meters ,  d i g i t a l  readouts ,  and response keys 
arranged on a modular panel ( s e e  F ig .  1). It w i l l  use components which are . 
space-oriented,  p a r t i c u l a r l y  w i t h  r e s p c t  t o  phys i c a l  envelope and func t iona l  
performance c h a r a c t e r i s t i c s .  It w i l l  include s i g n a l  processing components 
between d i sp lay  elements and i n t e r f a c e  elements wi th  t h e  DbG. 

The performance panel a s  i l l u s t r a t e d  i n  Fig .  1 provides space f o r  t h e  
c r i t i c a l  t a s k  t e s t e r ,  t h e  TV Microscope Monitor, and the remote video recorciel- 
c o n t r o l  panel .  
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The equipment d i r e c t l y  r e l a t ed  t o  wrforming the behavioral  measurements a r e  

li a s  follsws : 

I o T ~ e e  s igpa l s  - Test i n  Progress,, Zesdy, ard  T r i a l .  These w i l l  

' \  
be c e n t r a l l y  located on the  panel. D ig i t a l  displays,  mechanical 

b f l ags  o r  l i g h t s  a r e  acceptable.  

o An a r r ay  of t en  l i gh t s ,  of same color ,  should be arranged hor izontal ly  
and equal ly  spaced from one another.  

o An a r r ay  of 11 d i g i t a l  d isplays  w i l l  be arranged hor izontal ly ,  
p a r a l l e l  wi th  the l i g h t s .  Means s h a l l  be provided t o  indicate  
t h e  grouping of d i g i t s  i n t o  3 s e t s  of 3 each or  2 s e t s  of 5. 
Providing 11 d i g i t a l  d isplays  w i l l  permit c a l l i n g  up 3 s e t s  of 
3 each by blanking out two of the  displays ,  while blanking out 

{l t h e  middle display w i l l  provide t he  2 s e t s  of 5 .  The Hewlett- 
t \ Packard Sol id  S t a t e  Display Unit HP 5082-7000 is recommended. 

Associated with t h e  d i g i t a l  d isplays  w i l l  5 e  a four place d i g i t a l  
thumbwheel switch f o r  s e t t i n g  up answers t o  ar i thmet ic  problems. 
A pushbutton i s  a l s o  required f o r  i n se r t i ng  t he  d i g i t  sequence 
i n t o  t h e  Data Management System a f t e r  it has been s e t  up on t he  
d i g i t a l  switches. 

o Four analog meters with approximately 2 i n .  s ca l e s  w i l l  be 
located symetr ical ly  on the  panel and as f a r  apar t  as t h e  
panel dimensions permit. Associated with each meter w i l l  be 
a small pushbutton. 

o A 6 x 6 d i sp lay  matrix containing 36 square c e l l s  w i l l  be 
provided. The t o t a l  matrix s i z e  w i l l  be i n  t he  order of 
4 t o  6 inches on a s i d e .  Each c e l l  must be programmable 
t o  be e i t h e r  dark o r  l i g h t .  

o A pushbutton w i l l  be provided on t he  display panel t o  be used 
by t h e  subject  i n  i n i t i a t i n g  a self-paced t e s t .  

o The primary response keyboard w i l l  consis t  of 10 pushbuttons 
operating "no-bounce" microswitches . This keyboard w i l l  be 
located on t h e  workshelf surface  of t h e  console, immediately 
i n  f ron t  of t he  performance panel area .  The posi t ion of the  
keys w i l l  be arranged t o  f i t  under the  f ingers  and thumbs of 
t h e  relaxed r i g h t  and l e f t  hands. The r i g h t  and l e f t  thumb 
switches should be located 3-4 inches apar t  on 'cen te r .  

o A 2-axis bang-bang con t ro l  w i l l  be located on the  worlcshelf 
surface  i n  t he  cen t r a l  o r  r i g h t  hand posi t ion,  o r  it may be 
located protruding from the  lower port ion of the  performance 
panel. The axes of t r a v e l  w i l l  be oriented 90' apar t  a t  o', 
go0, 180°, and 360' with respect  t o  the  sub j ec t ' s  l i n e  of 
s i g h t .  S t ick  deflecti,on w i l l  be posi t ive  and i n  the  order of 
15-300 from cen te r .  Movement in more than one ax i s  a t  a time 
is not pemit . tede A four pos i t ion  toggle switch with miintained 
and momentary switching w i l l  meat the  requirements. 



o The audi tory  monitoring tasks  reqilires a tone g e n e r a t o r ,  t h i n g  device 

1 \ t o  provide s i g n a l  temporal c h s r z c t e r i s t i c s ,  a headset fo r  t h e  sub jec t ,  
and a response key t o  ind ica te  de tec t ion  of a s igna l .  This response 

I key w i l l  a l s o  be used f o r  the  v i s u a l  monitoring t a sk .  

i' o The arm hand s tead iness  t a sk  requ i res  a s t y l u s  and hole .  The subject  
w i l l  attempt t o  maintain t he  s t y lu s  steady in  t h e  hole withoilt touch- 
ing  t he  periphery.  The hole w i l l  be located on the  performance panel. 

3.3.4 C r i t i c a l  Tracking Task, - The c r i t i c a l  t r ack ing  t a s k  cons i s t s  of 3 
assemblies, e.g.,  (1) a d i sp lay  assembly, ( 2 )  a hand con t ro l l e r  assembly, (3)  an 
e l ec t ron i c s  power supply, and associa ted cabl ing.  

The d i sp l ay  i s  a 5" CRT. An e r r o r  t o  be nul led  w i l l  be displayed a s  t h e  
continuous devia t ion of a b a r  of l i g h t  from a hor izon ta l  reference l i n e  on t he  face  
of t he  CRT. 

' * 
The manipulator assembly comprises a con t ro l  force s t i c k ,  i n f i n i t e  reso lu t ion  

electromagnetic pickup, Hz o s c i l l a t o r ,  and con t ro l  switch. This assembly w i l l  be  
s e l f  -contained and stowable when no t  i n  use . 

The computer assembly u n i t  i s  e s s e n t i a l i y  a self-contained microci rcui t  
analog computer which provides a first order divergent  element displayed as t he  
c r i t i c a l  t a sk  on the  face  of a CRT, and c i r c u i t s  f o r  automatically increas ing t he  
i n s t a b i l i t y  of t he  control led  element. 



4.1 Conceptual Design 

i 
4. le 1 . - The Behavioral Subsystem will be designed as an 

integrated test apparatus permitting self-administration of most tests. Major 
categories of testing are: Sensory, Psychomotor, Complex Behavior, and Indivi- 
'dual and Interpersonal Behavior. Commonality of equipment will be emphasized. 
Control of stimuli, repeated test administration procedure, scoring, and capa- 
bility for modification of the test elements will be a function of the Data 
Management Subsystem. Signals and power requirements will be provided through 
the computer wherever possible. 

2 Design Concept. - Four major testing units will be employed: 
(1) Vision Tester, (2) Audiometer, (3) Critical Tracking Task Unit, and ( 4 )  Per- 
formance Panel. The first three items are essentially self-contained units re- 
quiring power and control signals via interconnecting cable assembly. The Per- 
formance Panel will be an integral part of the PBDM Station and will consist of 
a8~isplay Panel and Response Keyboard mounted in the Control area of the PBDM, 

4.2 Block Diagrams 

4.2.1 Equipment Elements. - The Performance Panel Display elements include 
a 6 x 6 lamp display matrix, a 10 lamp linear array, status display lamps, an 
-11 digit numerical display, and four analog meters. In addition, an auditory 
monitoring signal is provided through a headset, 

Control and response elements include a 3 digit thumbwheel switch, a 10 
satch keyboard, a two axis switch controller, a steadiness test stylus, and 
several response and control push button switches. 

4.2.2 Functional Operation. - Fig. 2 illustrates the equipment arrangement 
for the Performance Panel. The upper group of equipment receives decoder signals 
from the Data hagement Computer, the middle group transmit data to the encoder 
which is connected to the Data Management Computer. The lower group of four 
analog meters are operated through the D/A conversion and Analog Switching of the 
Data Management Subsystem. All power supply (5v level) is being supplied by the 
Data Management Subsystem with the exception of the neon lanp which will be 
suppliedwith115v PBDM station power and the auditory tone generator which requires 
t15v. The functional operation of the Vision Tester Audiometer, Vision Tester, 
and Critical Tracking Task Unit is discussed in Section 111-H Appendix under 
measurement test procedures. These procedures illustrates the multiple use of 
the same equipment for various measurements. 
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BEHAVIORAL MI3ASUR.EDENT TEST PROCEDUXES 

A.  1 VISION TESTl3R 

A . l . l  Visual  Acuity 
A .1.2 Depth Perception 
A. 1.3 Dark Adaptation 

. i, A.1.4 Photostress 
* b A. 1.5 Phorias 

A .1.6 C r i t i c a l  F l icker  Fusion 
A.  1.7 Color Matching 

A .  2. AUDITORY MElASUREMENTS 

A .  3 PSYCHOMOTOR AND MENTAL FUNCTIONS 

Arm-Hand Steadine s s 
Wrist-Finger Speed 
Response Orientation 
Speed of Arm Movement 
Mult ilimb Coordination 
S t a t i c  Strength 
Dynamic Strength 
Gross Body Coordination 
Stamina 
C r i t i c a l  Tracking Task 
Rate of Gain of Information 
Complex Perceptual Processes 
Visual  Monitoring 
Probabi l i ty  Monitoring 
Auditory Monitoring 
Memory Processes 
Mediat i ona l  Bocesses  
Work Measurement 
Individual  and Interpersonal  Measures 
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Sect ion 111-H 

Appendix 

BEHAVIORAL MEASURlQ4Er\lT TEST F'ROCEDURES 

This s e c t i o n  presents  d e t a i l e d  t e s t  procedures f o r  t h e  27 Behavioral 
measurements. 

A . 1  Vision T e s t e r .  - The t e s t  sub,ject t r i l l  c a l l  up t h e  appropr ia te  t e s t  
procedures by i n s e r t i n g  conunands in to  the  data processing system. The s u b j e c t  
w i l l  i n i t i a t e  ind iv idua l  t e s t s  by a c t i v u t i n q  a s t a r t  s i g n a l .  Tes t  sequences w i l l  
b e  computer programmed and each st imulus item o r  mode w i l l  be i d e n t i f i e d  wi th  
r,espect t o  t h e  na tu re  of t h e  t e s t ,  t h e  p a r t i c u l a r  s t imulus mate r i a l ,  and i t s  
order  of  appearance i n  a s e r i e s .  The s u b j e c t ' s  responses w i l l  be compared t o  
t h i s  coded information and dependent measures computed and s to red  f o r  d i sp lay .  

A . l . l  Visual  Acuity.  - The sub jec t  t r i l l  c a l l  up t h e  t e s t  procedures by 
i n s e r t i n g  appropr ia te  commands i n t o  t h e  DMU. A s i g n a l  w i l l  be provided t o  t h e  
sub jec t  t o  ind ica te  t h a t  t h e  system is ready. The DIN w i l l  command a b inocu la r  

.view. The s u b j e c t  w i l l  a c t i v a t e  a start  command. The t e s t  sequence w i l l  be  
pre-programmed and each st imulus item w Y l l  be i d e n t i f i e d  as appropr ia te  wi th  
respec t  t o  angular  s i z e  of t h e  a c u i t y  t a r g e t  c r i t i c a l  d e t a i l  and o r i e n t a t i o n  of f 

t h e  r e s o l u t i o n  d e t a i l .  The sub jec t  w i l l  respond by ind ica t ing  t h e  o r i e n t a t i o n  I 

of t h e  c r i t i c a l  d e t a i l  a s  one of four  pos i t ions  and t h i s  response w i l l  be  com- I 

pared t o  t h e  a c t u a l  p o s i t i o n .  The response t r i l l  be s to red  wi th in  t h e  DMU u n t i l  ! 

t h e  e n t i r e  t e s t  sequence i s  completed. The DMU w i l l  compute average o r  th resh-  
o ld  values .  The DMU w i l l  command t h e  br ightness  of t h e  adapta t ion f i e l d ,  and 
program the  sequence of s t imulus events providing a d i f f e r e n t  order of p resen ta t ion  
of each t r ia l  w i t h  t h e  same s u b j e c t .  The DMU w i l l  program a s i g n a l  t o  i n d i c a t e  
terminat ion of t h e  t e s t  s e r i e s .  

A.1.2 Depth Perception.  - The sub jec t  w i l l  command t h e  t e s t  se tup  v i a  t h e  
DMU. The DMU w i l l  program t h e  s e l e c t i o n  o f  t h e  appropr ia te  t e s t  ma te r i a l s ,  
present  a  b inocular  view, command t h e  appropr ia te  f ixed  luminaces f o r  t h e  st imulus 
i l lumina t ion ,  and p resen t  a ready s i g n a l  when t h e  system is  s e t  up. The DblU 
w i l l  s t o r e  d a t a  on t h e  sequence and nature  of t h e  ind iv idua l  t e s t  items. It w i l l  
p resen t  a  s i ~ a l  t h a t  t h e  t e s t  is i n  progress a f t e r  t h e  sub jec t  ind ica tes  t e s t  
i n i t i a t i o n .  The sub jec t  w i l l  respond by ind ica t ing  whether each s p e c i f i c  t e s t  
s t imulus is  or i s  not  i n  t h e  background reference  plane of t h e  f i e l d  of view. 
After a l l  t e s t  s t i m u l i  have been presented,  t h e  DblU w i l l  present  a  t e s t  termina- 
t i o n  s i g n a l ,  and w i l l  c a l c u l a t e  t h e  s u b j e c t ' s  threshold  from t h e  s e r i e s  of r e -  

v, 

sponses . 
I 

A . 1 . 3  Dark Adaptation. - The su5)ect  w i l l  cornand t h e  t e s t  se tup  v i a  t h e  
DMU. Afte r  a ready s i g n a l  is presented by t h e  Dm, t h e  sub jec t  w i l l  i n i t i a t e  
the  t e s t .  m e  DMU w i l l  control.  the  presenta t ion of a  monocular preadaptat ion 
f i e l d  f o r  a dura t ion of four  minutes a t  a l e v e l  of 30 f t  L.  Af ter  t h i s  period, 



( t h e  DMU w i l l  present  a t e s t  s t a r t  s i gna l ,  program the  appropriate t e s t  s t imtl l i ,  
a c t i v a t e  a f i xa t i on  point ,  and s e t  the  t e s t  patch luminance a t  a sub-threshold 
l e v e l .  The sub jec t  w i l l  a c t i v a t e  a con t ro l  t o  increase  the  t e s t  patch luminance 
t o  a point  where it is  j u s t  v i s i b l e .  Vhen t h i s  con t ro l  i s  released,  the  DP4U 
w i l l  produce a s i gna l  which causes reduction of t e s t  patch luminance u n t i l  t h e  
po in t  where t h e  sub jec t  overr ides  t h i s  command and again causes an increase .  
This procedure w i l l  continue f o r  a period of up t o  30 minutes. The D14U w i l l  
t ake  st imulus i n t e n s i t y  over time as t he  dependent measure present ing these  da t a  
in graphic o r  t abu l a r  form. A s i g n a l  ind ica t ing  t e s t  termination w i l l  be pre- 
sented a f t e r  t he  30-minute t e s t  period.  

~ ~ 1 . 4  Photos t ress .  - The sub jec t  w i l l  c a l l  up appropriate t e s t  procedures 
by i n s e r t i n g  commands i n t o  the  DIIIU. He w i l l  receive  a ready s i g n a l  when, the  
system is operative,  whereupon he w i l l  i n s e r t  a s t a r t  conimand. The DMU w i l l  con- 
t r o l  t h e  presenta t ion of the  same stimulus as f o r  the  adaptat ion t e s t .  When a 
prebelected l e v e l  of adaptat ion i s  achieved, as  indicated by the  average i n t e n s i t y  
of t h e  t e s t  patch over a 2-minute t e s t  period, a t e s t  f l a s h  w i l l  be introduced f o r  
a b r i e f  time period (1-5 seconds). The DLW w i l l  s e t  t he  luminance a t  t he  computed 
average value and t he  sub jec t  w i l l  r epor t  when it is  v i s i b l e .  A s e r i e s  of 5 such 
t e s t  f l a shes  w i l l  be presented wi th  timing between them dependent on recovery of 
the  c r i t i c a l  l e v e l  of s e n s i t i v i t y .  Subsequent t o  t h e  presenta t ion of t he  t e s t  

s e r i e s ,  a termination s i s a l  s h a l l  be presented.  The DMU w i l l  s t o r e  d a t a  wi th  
respec t  t o  the  i n t e n s i t y  of t he  t e s t  stimulus versus time, t he  time of occurrence 
of t he  test f l ashes .  

A . 1 . 5  Phorias. - The sub jec t  w i l l  c a l l  up t he  t e s t  procedures by i n s e r t i n g  
appropr ia te  commands i n t o  t he  DMU. A s i g n a l  w i l l  be provided t o  the sub jec t  t o  
ind ica te  t h a t  the  system i s  ready. The DMU w i l l  command a binocular  view. The 
sub jec t  w i l l  i n s e r t  a start  command. The t e s t  sequence w i l l  be preprogrammed and 
each st imulus item w i l l  be i d e n t i f i e d  as  t o  hor izon ta l  o r  v e r t i c a l  phoria.  The 
sub jec t  w i l l  respond by ind ica t ing  the  pos i t ion  of t he  c r i t i c a l  d e t a i l  r e l a t i v e  
t o  a background s ca l e .  This response w i l l  be compared t o  t he  a c t u a l  pos i t ion .  
The response w i l l  be s to red  wi th in  the  DMU u n t i l  t h e  e n t i r e  t e s t  sequence i s  com- 
p le ted .  The DMU w i l l  program a s i g n a l  t o  ind ica te  termination of t he  t e s t  s e r i e s .  
The DMU w i l l  compute average o r  threshold values.  The DMU w i l l  command t h e  b r i gh t -  
ness of t he  adapta t ion f i e l d .  

~ ~ 1 . 6  C r i t i c a l  F l i cker  Fusion. - The sub jec t  w i l l  command the  t e s t  se tup  
v i a  t h e  DMU. ~ f t e r  a ready s i g n a l  is  presented by t h e  DMU, the  subject  w i l l  
i n i t i a t e  t h e  t e s t .  The DMU w i l l  con t ro l  the presenta t ion of a monocular pre- 
adapta t ion f i e l d  f o r  a durat ion of four minutes a t  a l e v e l  of 30 f t .  L .  Af te r  
t h i s  period, the  DMU w i l l  present  a t e s t  s t a r t  s i gnz l ,  s e t  the  t e s t  y t c h  b r i gh t -  
ness l eve l ,  and program the  appropriate t e s t  s t imu l i .  The stimulus w i l l  c ons i s t  T 

of a bl inking l i g h t  of f ixed magnitude and duty  cyc le .  The subject  w i l l  a d ju s t  
a con t ro l  u n t i l  the  f l i c k e r  d isappears .  He w i l l  then s i gna l  t r i a l  termination.  
The DMU w i l l  use f l i c k e r  frequency ( e . g . ,  motor speed) as  t he  dependent measure. 

A . l .7  Color Matching. - The subject  w i l l  corr~nand t he  t e s t  se tup v i a  the  
DMU. The DMU w i l l  provide a s i g n a l  ind ica t ing  the  t e s t  is  ready and tne  subject  
w i l l  i n i t i a t e  t h e  t e s t  when ready through i n se r t i on  of a s t a r t  command. The D N J  
w i l l  p resent  each of 6 co lor  patches a t  a f ixed luminance in  a d i f f e r en t  random 



order f o r  each t e s t  sequence on a given sub jec t .  The DrilU will a l s o  present a 
n e u t r a l  gray t e s t  patch whose luminance i s  i n i t i a l l y  s e t  a t  a value d i f f e r e n t  from 

\ t h e  colored patch, t h i s  value t o  randomiy vary with respect  t o  the  successive 
trai ls .  The subject  w i l l  ad jus t  t he  apparent brightness of the  t e s t  patch u n t i l  
he i s  s a t i s f i e d  it matches t he  br ightness  of the colored patch, whereupon he w i l l  

4 s i g n a l  the  system t o  record t he  value. The DMJ w i l l  extinguish the  two t e s t  
s t imul i ,  and then present  t he  next pa i r  f o r  observation. When a l l  s i x  matches 
have been made th ree  times each, the  DlKJ w i l l  terminate the  t e s t  and provide an 
ind ica t ion  t o  t he  sub jec t .  The measure of performance w i l l  be the  average 
luminance s e t t i n g  of t he  n e u t r a l  t e s t  patch f o r  each colored match. 

1 I 
A . 2  Auditory Measurements. - A pre-programmed Bekesey type audiometer w i l l  

be employed. The device automatically prepares a p lo t  of threshold amplitude 
versus frequency f o r  each e a r  as it cycles through i t s  program. The D m  in te r face  
requ i res  start and s top  commands, a means of designating which e a r  is  be'ing tes ted ,  
q d  a record of stimulus amplitude versus frequency. 

* 1 

A . 3  Psychomotor and Mental Functions. 

A . 3 . 1  Arm-Hand Steadiness. - The subject  i n i t i a t e s  t h e  t e s t  via t h e  DMU. 
The DMU presents a t e s t  ready s ignal .  The subject  i n s e r t s  a " t e s t  start" command, 
The DMU times 3 t r i a l s  of 10 seconds each, with five-second i n t e r - t r i a l  in te r -  
vals .  Ready and s t a r t  s i gna l s  a r e  presented before each trial.  The subject  i s  

g i v e n  a t e s t  terminate s ignal .  The DMU counts t he  number of contacts of t he  
s t y l u s  with t h e  rim during each t r i a l ,  t he  durat ion and d i s t r i bu t i on  of con- 

B) t a c t  durations t o  . O 1  seconds accuracy. 

A.3.2 Wrist-Finger Speed. - Subject c a l l s  up t h e  t e s t .  The DMU ind ica tes  
when se tup  i s  ready. Subject i n s e r t s  t e s t  start command. The DMU presents  3 
t r ia ls  of  10 seconds each, with 5 second i n t e r t r i a l  i n t e rva l s ,  each t r i a l  pre- 
ceded by a ready s igna l  and a s t a r t  s ignal .  Subject a l t e r n a t e l y  t aps  two switches 
as r ap id ly  a s  poss ible  and DMU counts t h e  number of contacts  on each trial.  

4.3.3 Response Orientation. - Subject i n s e r t s  t e s t  command v i a  DMU. DMU 
presents  t e s t  ready s ignal .  Subject i n i t i a t e s  start of t e s t  sequence. DMU pre- 
s en t s  a ready s ignal ,  t r i a l  s igna l  and then a s e r i e s  of 24 l i g h t s  of  4 colors  
i n  random order. Subject must pos i t ion  a con t ro l  t o  1 of  4 proper locat ions  t o  
ext inguish each l i g h t  i n  sequence. Then a new l i g h t  appears. DMU scores t o t a l  
time t o  extinguish t he  s e r i e s  of l i gh t s .  

A.3.4 Speed of Arm Movement. - Subject c a l l s  up t e s t  via DMU. DMU ind ica tes  
t e s t  i s  ready. Subject i n i t i a t e s  t e s t  s t a r t  sequence. The DNU presents a ready 
s ignal ,  and a t r a c e  signal. Subject t aps  2 switches i n  sequence. DMU scores 
time between t he  t aps  on each of t e n  separate  self-paced t r ials  and computes -3 

mean, scoring t o  .001 seconds accuracy. 

A.3.5  Multilimb Coordination. - The t a s k  w i l l  involve simultaneous per- 
formance of t he  c r i t i c a l  t racking t a s k  and the  response o r ien ta t ion  t a s k  with 
c e r t a i n  modi_fica"cons. The subject  w i l l  s e t  up f o r  the  t a s k  and receive a t e s t -  
in-progress s igna l ,  He w i l l  i n i t i a t e  t h e  t r i a l ,  which w j l l  s t a r t  a f t e r  a 5- 
second Lime delay, p e d t l h g  him t o  grasp t he  controls.  The c r i t i c a l  t r a c c n g  



t a s k  will proceed t o  l o s s  o f  con t ro l ,  A t  the snmc time, the s u b j ~ e t  ~11% be 
mafing responses as i n  tbc response orientation task, When loss of con t ro l  
occurs, t h e  t r i a l  s h a l l  s top,  Data sh:lll be i n  the form of time t o  l o s s  of  
eontrol ,  t h e  value of lambda, when con t ro l  was isst, and t h e  nmber o f  cor rec t  
responses made on t he  response o r i en t a t i oc  task,  

I 

A .3 .6  S t a t i c  Strength. - This measure s h a l l  be made i n  conjunction with 
use  of the  &er-Genie. After t e s t  se tup command,the subject  w i l l  exer t  maximum 

, \  p u l l  aga ins t  t h e  device with both hands when a ready s igna l  i s  given. The time- L 
L force  pa t t e rn  s h a l l  cons t i t u t e  t h e  measure of performance. Five successive 

t r ia ls  cons t i t u t e  a t e s t  s e r i e s .  

A.3.7 Dynamic Strength. - This measure s h a l l  be taken i n  conjunction with 
use o f  t h e  bicycle  ergometer. After  i n se r t i ng  a t e s t  se tup command, t he  suj- 
j e c t  s h a l l  perform a s e r i e s  of t r i a l s  following t h e  procedure out l ined i n  
Metabolism and Nutr i t ion Section,  operating on ready, start and stop s i gna l s  
presented by DMU control .  The record of performance s h a l l  be output of t h e  
ergometer during each trial.  The exact measure i s  contingent on the  f i n a l  de- 
s i gn  c h a r a c t e r i s t i c s  of t h e  ergometer with respect  t o  i t s  primary purpose. 

' \  
' \ 

A.3.8 Gross Body Coordination. - This i s  a secondary measure and s h a l l  
be derived from t h e  time and motion TV measures. There i s  no DMU i n t e r f a c e  
o ther  than video taping. 

A.3.9 Stamina. - This measure s h a l l  be obtained from cardiovascular 
sys ten  measures. There i s  no add i t iona l  DMU requirements. 

A.3.10 C r i t i c a l  Tracking Task. - The CTT i s  a self-contained un i t ,  A s  
such, its in te r face  with t h e  da ta  management sys ten consiz+,s of: t e c t  ae%up 
c o m n d  - t u rn  on, :ram up, and s e l e c t  L!NU progran f o r  timing and measurement, 
and measurement sensing, storage,  and readout. Each r~rl i s  i n i t i a t e d  by 
t h e  subject  who first commands t h e  DMlJ t o  set, up thz  t c s t ,  Ths t r i a l  i s  i n i t i a t e d  
by t h e  subject  a f t e r  "Test i n  Progresstl l i g h t  comes on. The t r i a l  ends when 
t h e  sub jec t  loses  control .  He then comencea a new t r i a l  a f t e r  a 1 5  second 
r e s t .  After  5 trials, t he  s e r i e s  i s  z o ~ p l e t e d .  The DMIJ provides a measure of 
performance i n  terms of  t h e  mean value of time over t h s  5 trials. 

A.3.11 Rate of Gain of Information. - The computer r r i l l  conttrol t h e  over- 
a l l  t i n i n g  and sequenci.ng of t h e  t e a t ,  so l sc t ion  of t he  s t j xu lu s  elements, and 
pe r fom ca lcu la t ions  of t h e  regress ion equations f o r  analyzing the  r e su l t i ng  
data. The computer w i l l  g ~ n e r c t ~ e  a t e s t  i n  progress a i p z l .  It w i l l  than con- 
t r o l  t h e  presenta t ion of s t imul i  a s  follows. The subject  w i l l  make s s e r i e s  
of  choice react ions  i n  response t o  vj.sual s t i m u l i .  Ee :Jill b~ presented ~ 5 t h  
blocks of st,imuli, each appee.ring f o r  59 zxilliaeconds a t  i n t e r s igns1  i n t e r v a l s  
of  750 t o  3500 milliseconds. The i n t e r s igna l  i n t e r v a l s  s h a l l  vary i n  st*eps 
o f  500 ni lEneeonds rzrl s h a l l  b2 p ~ o , a r ~ r . e d  i n  a rendcn crder.  C h 3 . i ~ ~  rescti.ons 
s h a l l  involve 1, 2, Ik c r  8 st,irnuli. The ordlsr of prp,;entation f rox  m ~ n g  t he  -4 

2, 4 cr 8 ~ l t e r i i h L i ~ e s  s h a l l  a l a s  Se z w i d c ~ .  The s igna l  choice block of t r i a l s  
s h a l l  always precede and follow the  2, 4 and 8 a l t e rna t i ve  s i tua t ion .  One 
hundred t r i a l s  w i l l  be given f o r  the  s ing le  choice s i t ua t i on ,  300 s h a l l  be 
given f o r  t he  mul t ip le  choice s i t ua t i on ,  The number of choices s h a l l  be indi-  
cated t o  t he  subject  p r i o r  t o  each block of t r i a l s  by presenting a s e t  of 
s igna l s  i n a c a t i n g  which w i l l  be t he  stimulus lamps. For each multiple choice 
s i t ua t i on ,  t h e  frequency of appea race  of inaeeidual  s i gna l  l i g h t s  s h a l l  be 



near ly  equal, In  s rg, t he  sequence s h a l l  be as fol lows:  

o Test i n  Progress s i gna l  

! o Simple s ing le  choice reac t ion  time block indicated 

o Ready s igna l  

\ il o Stimulus appear f o r  50 msec. 
I 

o Inters t imulus  i n t e r v a l  (one of 7, e.g., 750, 1250, 1750, 2250, 

o Next stimulus (one of  2, 4, o r  8, randomly se lec ted)  

o Steps 2-6 repeated f o r  next number of  choices 

, \  o Steps 2-6 repeated f o r  last s e t  of  choices ' k 

o Block of simple s ing le  choice t r ials  indicated and run 

o Signal  t e s t  termination 

o DMU ca lcu la tes  regress ion equation f i t t i n g  t o  each 

individual  point ,  not  t he  means 

Tha e n t i r e  t e s t  should be preceded by a w a r m  up rrui a t  1, 2, 4, 8 a l t e lna t i ve s ,  
- with 20 responses each following t h e  same sequence a s  given above. 

A.3.12 Complex Perceptual  Processes. - The computer w i l l  con t ro l  ove ra l l  
. timing and sequencing of the  t e s t ,  generation of the  standard and t e s t  pat terns ,  

scoring,  and presenta t ion of knowledge of r e s u l t s  t o  t h e  subject .  The computer 
- w i l l  produce t h e  t e s t  pa t te rns  according t o  t h e  following requirements. 

Test mater ia ls  cons i s t  of standard f i gu re s  drawn a t  random on the  6 x 6 
matrix, with t h e  cons t ra in t  t h a t  each column height appears once only i n  each 
pat tern .  These f igures ,  t h e  t e s t  pat terns ,  a r e  i d e n t i c a l  t o  t he  standard 
pa t t e rn  except t h a t  the  t e s t  pa t te rns  a r e  ro ta ted  90, 180, o r  270' from t h e  
standard a t  random. There need be only one sequence of constrained standard 
pat terns ,  but r o t a t i on  of t h e  t e s t  pa t te rns  and t he  answer sequence (e.g., none, 
1 o r  2, o r  same o r  d i f f e r e n t )  must be random with respect  t o  t h e  standard 
pat terns .  llDifferentfl t e s t  pa t te rns  w i l l  a l l  d i f f e r  by 2 columns of the  six.  

The order  of stimulus presentation i s  a s  follows: There i s  a 5-second 
T 

presenta t ion of t he  otandard f igure  followed by a 2 second "offt1 period. This 
i s  followed by a 2-second display of a t e s t  pat tern ,  another 2-second "off" 
period, than s second t e s t  p s t t z m  i s  displayed f o r  2 seconds. AfYer e 15- 
second res,wnae period, a new standard t a rge t  i s  presented, and t he  sequence 
repeatsd. The subjsc t i s  permitted t o  respond only during t he  response period, 
If t he  subject  responds before t he  l 5  second period terminates, a s igna l  w i l l  
g6 on and remain ac t iva ted  u n t i l  t he  end of t h e  problem period. J u s t  p r i o r  t o  
termination of t he  t e s t  period, t h e  subject  i s  informed whether his response 



was correct; or incorrei.,t, by a brief s i g n 1  (112 second), The rnes-jlne of por- 
fonn;inee is t h o  fi~unbcr of' ear-rect re.;pun.;133 fo~" Lhe? ~ ~ T " L I L :  of tri313, 

A,  3.13 Visual M011ito~i3g. - The Dl4U w i l l  control 5 n o r m ~ ~ t l y  ''on'' and 4 
norm3lly "offf1 l ighi;s,  w?lich 1 ~ i . l - 1  bs prosamn :,-I to chitngs slats fo? a 2-&n:rJ;,e 

\ du~ation, These changes occur randomly at a rate of ten p e r  hour and at inter- 
vals varying from 2.5 t o  10 minutes, distributed equally over  the 10 lights. 
The subject will respond by inserting a signal when the change is detected. The 

' !  DMU will measure the response time to each change of state, and will score 120 
4 

seconds if no response is given. Response times are measured to .1 seconds 
ecc~-s.c?.-, h n , z 3 , - . t  =.nc;lsnsrls trill be c.,?-St,~;'. 

This is a computer paced ta;;k, The test hill be accomplished ia accorciace 
with the following sequence of events. 

o Command for test transmitted to computer 

o Computer selects program 

"\ o "Test in Progress" light comes on ' t 

o Change from "normalw condition occurs in one of the monitored 

indicators 

(Change goes undetected) 

o Two minutes after Step 4, indicator resumes llnormalll 

condition. (Return to Change goes undetected). 

(Change is detected) 

o Operator activates pushbutton; indicator resumes nnormaln 

condition. (Return to Step 4) 

(~est period ended). 

o "Test in ProgressH light goes off; indicator lights which 

are on go off. 

NOTE: Although this test may be conducted independently for a fixed period, it 
will normally be conducted simultaneously with the conduct of another test. In 
such cases, the start, finish, and duration of this test will be determined 
by the start, finish, and duration of the accompanying test. 

T 

A.3.11, Probability Monitoring. - The DMU shall drive 4 displays, each 
consisting of a moving pointer and a linear meter scale of approximately 2 
inches. Scale marks shall indicate a center, + 20% and 2 40%. The pointers shall 
move in a norroally distributed random fashion with a mean frequency of 5 cycles 
per dnute centered at zero and a one s i p  cosrespon~ng to f 10% on the a scale, 



At random times, not to exceed nine per hour, one pointer shall be biased 
so that the mean of the distribution is shifted to center around the 2 10% pint, 
The arection of the bias shall be randomly selected with respect to meter the 
stable indication, as shall the sequence of meters on which the bias appears. Tns 
bias shall be introduced over a 10 second interval in a linear fashion, and 

' shall remain for 120 seconds. Failure of the subject to detect this shift within 
a \ the allotted time psriod shall cause the bias to be abruptly removed, If the 
, bias is detected, activation of the subjectls response button shall cause the 
bias to be immediately removed. 

The DMU shall permit the following measures to be made: 

o Number of false responses 

o Number of correct responses 

o Number of mean response time for correct responses 
"\ ' 1 o Number of mean response time for incorrect responses. 

This is a computer paced task. The test will be accomplished in accordance 
with the following sequence of events: 

o Command for test transmitted to computer 

o Computer selects program 

o "Test in Progressn light comes on 

o Bias occurs in the readings of one of the meters 

(~ias goes undetected) 

o Two minutes after Step 4, meter resumes normal condition. 

(Return to Step 4) 

(Bias detected) 

o Operator activates switch; pointer stabilizes at current mean 

o Operator releases switch; meter resumes normal condition 

(~eturn to Step 4) 

(Test period ended) 

o "Test in Progress" light goes off; pointers on all meters ret 

zero 

NOTE: Although this test may be conducted independently for a fixed period, it 
will normally be conducted simultaneously with the conduct of another test. In 
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such cases, the start, finish, and dt~rrtttion of this L e s t  will be deterdned by 
the start, finish, and duration of the accompanying Lest, 

A.3,15 Auditoq Monitoring, - The subject will call up this test via in- 
I sertion of a command in the DMU. The DNU will eontrol the prc~entation of test stimuli, which shall conslist of a tone presented in a regular sequence of "beeps", 
I The program presents these signals at 8.n average rate of 8 per hour. The tone 
duration is .25 seconds on with .$O seconds between tones. Tho critical signal 
is an off-period of 1.30 seconds. 

The DMU will measure the response time to the signal to .10 seconds up to 
30 seconds when a miss shall be scored. False responses shall also be counted. 

This is a computer paced task. The test will be accomplished in accordance 
with the following sequence of events: 

o Headset removed from stowage, connected to equipment and 

I\ fitted to head 
' t 

o Command for test transmitted to computer 

o Computer selects program 

o "Test in Progressu light comes on 

o Recurrent ffbeepfi begins 

o Subject monitors recurrent "beep" 

o Critical signal occurs 

o Recurrent "beep* continues 

(Critical signal undetected) 

o Return to Step 6 

(Critical signal undetected) 

o Subject activates pushbutton (~eturn to Step 6) 

(End of test) 

o "Test in light goes off; recurrent l1beepU ceases 

o Headset removed from head, disconnected from equipment, and 

ed for stowage 

NOTE: Although this test may be conducted independently for a fixed period, it 
wjll normally be conducted simultaneously with the conduct of another test, In 
such cases, the stast, finish, and duration of this test will be dete 
the stast, fidsh, and duration of the accompanying test. 



A-3-26 Memory Processes, - The DMU w i l l  con t ro l  o v e ~ a l i l  timing and a e q u e n ~ ~ g  
of the test, generate the t e s t  problems, perfom scoring, and presentation o f  
lolowledge of results to the subjec-t, 

Materials for this test consist of possible arithmetic problems. &ch pro- ' blem unit will consist of two 3-digit numbers (to be added), a third 3-digit 
number (to be subtracted from the sum of the first two), and a &-digit number 
(the answer). Different problem groups will be run during successive test 

i j  sessions. 
I 

The order of events and timing is as follows: 

o Command for test transmitted to computer 

o Computer selected test program 

o "Test in Progressl1 signal comes on 

"\ o Thirty-second waiting period 
' t  

o Initial number display appears (3 sets of 3 digits as above) 

o Subject attempts solution 

o Subject sets up answer on the thumbwheel switches 

o Subject inserts answer recording button 

o If correct number display disappears; if incorrect, it remains 

until Step 10 

o Number display disappears 19 seconds after on-set. (~ot dependent 

upon completion of Steps 7 and 8.) 

o Computer evaluates answer and presents "Correctv signal for one 

second if answer is correct. 

o Next number display appears (20 seconds after on-set of previous 

number display) 

(Steps 6 through 12 repeated 88 times) 

(Repeat Steps 6 through 11) 

o "Test in Progresst1 s i p 1  goes off (one second after disappearance 

of number display) 

A.3*17 Meaational Processes. - The DMU w i l l  provide 120 different 5- 
agit sequences. Each problem unit consists of a Phase I sequence, a Phase II 



sequence, and a Phase Ell sequence confoming to the following c u n o d r n l r ~ t s :  
(1) each sequence is made up of digits from 1 through 5 with no digit repeated, 
(2)the Phase I1 sequence must differ from the Phase I sequence, (3) the s m e  
transformation which relates the Phase 1 and Phase I1 sequences must relate the 
Phase I1 and Phase I11 sequences, and ( 4 )  the transformation wGch relates the 
sequences must involve three or more elements. B typical problem is presented 

, below: 

b \ lstsequence 2 4 1 3 5 
-F-- I!- - 

2nd sequence 4 1  3 5 2 
-?-- ' 

I /  f -  P-).--- ++ 

3rd sequence 1 3  5 2-4 

The first transformation shifts the first digit to last place and advances all 
other digits one position to the left. Thus a positional transformation is 
effected. Problem units are recorded in blocks of 3 such that each problem ' 

block contains one problem with a 3-element transformzition, one problem with a 
,$-element transformation, and one problem with a 5-element transformation. Four 
problem blocks, selected at random from the total population of 39 blocks, are 
presented during each test session. 

This is a self-paced task in the sense that completion of one problem 
initiates the next. The test will be accomplished in accordance kith the 
following sequence of events: 

o Subject commands test setup via DMU 

o DMU sets up test program 

o "Test in Progressu signal is presented 

o Problem Phase I and I1 are presented on digital display 

o Thirty seconds later trial signal is presented 

o Subject makes first response - error 
o Ready signal does not come on, computer rejects response 

o Subject makes new response - correct 
o Ready signdl comes on indicating next response is to be made 

o Subject makes response for next,transformation 

o Cycle repeats as in Steps 6 - 9 
o Mter a115 places have been correctly transformed, "Trial in 

Progressu signal is removed 

o After 30 second break digital displays present next problem set 

o Program repeats for 12 problem blocks 

o "Test in Progressn signal terminated 
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A,3.18 tlork Measusement, - T i n e  and motion s t u d i e s  w i l l  be camled out 
using the onboard TV system, There is no interface reqdrement with the i)EiIU, 
sther than video taping. 

- 
A-3.19 Indiviidual and hterpersonal Measwes. - mere are no h t e r f a e e  

reqarements with the DMU other than audio recording. 
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1, Q INTRODUCTION 

T M s  docment establishes the overall perfomnee and design requirements 
of the IMBLElS .EBB PA) Station, The BPk 

I Station will be designe830: 

' \  
!! o Perform clinical laboratory measurements in essentially the same 
I' procedural and data handling sequence as projected for the Flight I M B M .  

o Determine measurement feasibility and accuracy under operational 
\ constraints 

o Demonstrate centralized experimenter control 

o Evaluate the handling, storage and display of measurement data , 

The BPA station contains elements for conducting colorimetric, radioisotopic, 
\ 
microscopic, potentiometric, impedance, refractometric, microbiologic and test- 
tape measurements, and the ancillary equipment and supplied required to prepare 
spechens for ston-boardlt analysis, and/or storage for tipost-f light;" analysis, 

2.0 APPLICABLE DOCUMENTS 

Section 111-A System Requirements Document contains all the applicable 
documents . 

3.0 TECHNICAL R E Q U I M T S  

3.1 Performance 

3.1.1 Functional. - 
3.1.1.1 Overall System Requirements. - The BPA will be conducted separately 

from the PBDM station and will consist of a centralized console sugported by 
biochemical supplies, measurement equipment including display and control pro- 

reservation of 

Measurement techniques utilized will be adap 
environment with major emphasis on the use of colorimetry, ion specific electrode 
measurenents, microscopy, hematocrit, radioisotope, refractometry, and test- 
tape determination. The required accuracy and range of values required for each 
test will be defined and used to evaluate the results obtained during subsequent 
testing. 

3,1,%. 2 &asusement/Technique Requirements. - The measurement/tec~que 
selectioa for the BPA station is based upon the list of measurenents established 
by NASA. These measurements/techniques are identified in Table I, Specific 
measurement requirements are tabulated in Table 11. The techniques in relation 



, Specimen Handling, I den t i f i c a t i on  Blood, Urine, Smears 

' \ e Microscopy 
\ +  

i 

Blood - RBC, WBC, Dif fe ren t ia l ,  
Reticulocytes, 
RBC Morphology 

Urine - Urine Sediment 
Other - Microbial Smears 

Ion Spec i f ic  Electrode Blood - pH, pC02, p02 

Plasma - ~a', K', C1- 

Urine - ~a ' ,  K C l -  

!) \ Radioisotopic 

Impedance 

Colorimeter 

Refractometry 

Test-Tapes 

Blood - Red c e l l  mass 
Red c e l l  survival  

Plasma - Plasma Value 

Blood - Hematocrit 

Blood - Osmotic f r a g i l i t y ,  Hemoglobin 
Plasma - Glucose 

Calcium, Phosphorous 
Urine - Calcium, Phosphorous 

Plasma - Total  Prote in  
Urine - Specif ic  Gravity 

Urine - pH, Protein, Glucose, 
Bi le ,  Blood 

Blood - Bleeding Time, 
Coagulation Time 
Bicarbonate 

Urine - Color 



TABLE I1 

I. 'ROUTINE HEMATOLOGY Low -- High Accuracy Calibration 
Hemoglobin 2 8 20 (d%) - + 0.5 gms/lOO ml Optical F i l t e r  1 
,Hematocrit 2 35 55 ($1 - + 2% Electronic 1 
Red Cel l  Count 2 2 7 (mill ion) * N/A N/ A 
White Cell  Count 2 2 20 (K) * 

0 * 
N/A N/A 

Different ial  2 90%( $1 N/A N/A * Red Cell Morphology 2 N/A N/A N/A N/A 

11. URINALYSIS 

Volume 2 0 3000 (&/day) 
Specific Gravity 2 1.00$ 1.m (gm/ml) 

, Test Tapes 
w " 7 7  

r+ 

Glucose 
Protein 2 1 4 
Bile 2 1 4 
Blood 2 1 4 

Sediment Exam. 2 N/A N/A 

111. OTHER EXPEXIMENTAL 

Other Hematologic 
Bleeding Time 2 N/A N/A 
Coagulation Time 2 N/A N/A 
Reticulocytes 1 0.3 10% 
Red Cell  Frag. 1 0.24.f 0.502 

Specific Ion 
Electrodes 

pH, Blood 1 7.1 7.6 
pC02 Blood 1 20 70 (mm) 
PO2 H O ~  1 20 150 (am) 
Na 1 120 160.0 (meq/l) 
K 1 2  7 (medl1 
C 1  1 80 120 (meq.1) 

Colorimetric 
Glucose 1 50 200 mg/100 ml 
Ca p 

1 7  12 mg/100 ml. 
P k L L - ~ ~ ~  1 1  8 mg/100 ml 

Radioisotopic 
Red Cell Mass 1 11 ml/kg 4.0 &/kg 
Red Cell  Survival 1 20% 100% 
Plasma Volume 1 9 &/kg 70 &/kg 

~ s c e l l a n e o u s  
Microbial Smear8 1 N/A N/A 
Plasma Protein 1 5 g r n s / b ~  10~ms/100d 

* Dependent on @erator  Proficiency 

% 

x- 
N/A N/A 

* N/A N/A 

+ N/A N/A 
- Optical F i l t e r  N/A 

+ 0.02 . - std.  solns(2)  N/A 
+ 2 mms* Std. ~ o l n s ( 2  N/A 
7 2 am** std.  solns(2j  N/A 
1 3 meq/l** ~ t d .  S O I J I S ( ~ )  N/A 
+ 0.2 meq/~** Std. Solns(2) N/A - 
+ 5 meq/~** - Std. ~ o l n s ( 2 )  N/A 

+5 mg/100ml** Optical F i l t e r  1 - - 
+0.2&/100ml** Optical F i l t e r  1 - 
+0.5mg/100ml** Optical F i l t e r  1 - 
+ 5% ** - Electronic N/A 
+ 5% "* - Electronic N[A 
f 5% ** - Electronic N/ A 

** ~ e s i ~  Goal 



$0 blood arid m i n e  spceimen handling are ~egresented j_n i iY~~rr i -es 1 and 2, 

3,1,1,3 Specimen Reqdrements, - The measusements t ~ T l l  be perfomed on 
whole blood, obtained by venipuncture; per ipheral  blood, obtained during the  
performance of a bleeding time test; plasma obtained from whole blood by 

\ centr i fugat ion and ur ine ,  \/hen an anticoagulant  i s  indicated,  the  ~nticoaguXant 
, of  choice w i l l  be It i s  estimated t h a t  10-15 m l  of whole blood 

w i l l  be adequate urements. 
t Aflfd--,P C- 

a '  
\ ' Sequence of Measurements. - The measurements a r e  given i n  

TT 
Figures 3 ,  4 and 5. The blood sequen ed by a requirement f o r  fresh,  
non-anticoagulated blood f o r  the  performance of t h e  d i f f e r e n t i a l  count, rapid  
blood pH and blood gas measurements, and completion of whole blood measurements 
before treatment t o  ob ta in  plasma. The sequence of  measurements on ur ine  i s  
r e l a t i v e l y  unimportant and can follow sequent ia l ly .  

The microbiological  measurement sequence should be i n i t i a t e d  with f r e s h  
samples t o  assure  a g r ea t e r  chance f o r  microbial  growth and enumeration,and thus, 
increase  t h e  r e l i a b i l i t y  of t he  procedure. 
\ 

c J  \ 

Collection of Specimen-Blood. - The venipuncture s i t e  w i l l  be prepared by 
cleaning and d i s in fec t ing  t he  a rea  with a prepackaged disposable alcohol sponge. 
Blood w i l l  be co l lec ted  without s t a s i s  from an m t i c u b i t a l  vein i n t o  a s t e r i l e  ,K 

disposable p l a s t i c  syringe f i t t e d  with a s t e r i l e  disposable 1 1/2 inch 21 
needle. The venipuncture s i t e  w i l l  then be occluded with a compression-age 
u n t i l  bleeding has stopped. Blood from t h e  disconnected needle w i l l  be used f o r  
t h e  , s f f e r e n t i a l  and re t i cu locf ie  p r e p a r a t i o m  Blood from the  syringe w i l l  be 
expressed i n t o  an evacuated f l e x i b l e  p l a s t i c  container previously coated withi--" 
sodium heparin. The container  w i l l  be equipped \ n t h  a hand operable valve t o  

k e n .  The blood - 
%&-It- 7 
asurements requir ing 

whole blood a r e  complete. An agglut inat ing agent, e.g,, photohemagglutinen w i l l  
be added t o  t he  blood container,  and mixed by kneading, The mixture w i l l  be 
centrifuged,  a clamp appl ied a t  t he  p1asma:red c e l l  in te r face ,  and t he  plasma 
expressed i n t o  a second, previously evacuated container. The red c e l l s  may be 
preserved f o r  f u r t h e r  t e s t i ng .  

Per ipheral  blood w i l l  be obtained from an ear-lobe which has been d i s in fec ted  
with a prepackaged disposable alcohol sponge. Bleeding w i l l  be induced with 
a prepackaged disposable lancet .  Blood from t h e  c l o t t i n g  time t e s t ,  t he  RBC 
count and WBC count w i l l  be col lected from this wound followed by t he  performance 
of  t h e  bleeding time t e s t .  

Mic rob io lo~ ica l  Preparation. - Samples f o r  microbiological examination ~J i l l  
be co l lec ted  by t he  swab sampling technique s ince  t h i s  technique i s  most adapt- * 
ab l e  t o  var ia t ions  i n  sample mater ia l ,  loca t ion  and configuration. Swab samples 
w i l l  be taken of t h e  t h roa t ,  skin and environmental areas  such a s  food prepara- 
t i on ,  e a t i ng  and personal hygiene areas ,  The swab mater ia l  w i l l  be used t o  prepare 

a ~ d  selected 
df or-enu=nre_rFa_t ion  
b o u g h  t h e  usep 

of pre-labeled m t e r i a l s .  



Mg, 1 Blood Sample Flow 

FRACTOMETER 

I MICROSCOPY I 

Fig, 2 Urine Sample Flow 



Fig. 3 Blood Handling Sequence 



1 1  c i l  leal 1po;l j ;i~;i J ~ B Z E ~  s p .  mv.1 Co~cmTmn / *LIQUOT i 
pH BLOOD I 

Fig. 4 Urine Handling Sequence 



1 MICROBIOLOGICAL SAMPLE I 

NICROSCOPIC SLIDE I PREP. 1 

sLXDE EXAMINATION 

OBSERVATIONS m 
I STORE SLIDE I 

INC UBATION a 

ANTIBIOTIC 

/aihliihiTm 1 . 
PRESERVATION I 

Fig. 5 Microbiological Measurement Sequence 



3 , l , l , 4  Measmements, - o r  bleeding 
time determination w i l l  be use ss from an 
ear-lobe punctwe, the  blood d i r e c t l y  from t h e  w o ~ ~ d  will be b lo t ted  every 30 
seconds. The time elapsed u n t i l  bleeding s tops  tr i l l  be measured usicg t he  console 

i i n t e r v a l  timer. The data  w i l l  be recorded i n  the  mnu.a.2 log and/or memo recorder 
f o r  l a t e r  entry  i n t o  t h e  Data Management System v ia  t he  Numerical Data Keyboard, 

* C o a d a t i o n  Time. - Blood from an ear-lobe puncture wound w i l l  be col lected 
i n  a su i t ab l e  tube. The blood w i l l  then be ag i t a t ed  manually with a wire. Using 
t h e  console i n t e r v a l  t imer,  t h e  time elapsed u n t i l  t he  f i r s t  coagulation s t rand  
i s  observed w i l l  be measured, The data w i l l  be recorded a s  noted f o r  Bleeding 
Time. 

Di f fe ren t ia l  Count and RBC bforpholoa. - A drop of f r e sh  blood from the  
t i p  o f  t he  co l lec t ion  needle w i l l  be placed a t  orie end of a microscope s l ide .  
~h s l i d e  w i l l  be placed i n  a device containing a f l ex ib l e  wiper f o r  the  pre- 
parat ion of t he  smear. The s l i d e  w i l l  be posit ioned i n  a holder-staining device 

, and  s ta ined  with Wright's s t a in .  The s l ide-s ta ining device w i l l  permit t o t a l  
,lcpntainment of  reagent. After  t he  s ta ined smear i s  prepared, i t  may be read a t  
a convenient time with t h e  microscope. Counts w i l l  be accumulated on a mechanical 
counter. 
JIC 

Reticflocyte Count. - A drop of blood w i l l  be drawn i n t o  a d5sposable pipet ,  
followed by a so lu t ion  of b r i l l i a n t  c r e sy l  blue o r  new methylene blue. A drop 
of  t h e  mixture w i l l  be expressed onto a microscope s l i d e  and smeared and s ta ined 

* 
as in 3.1.1.4, The blood-stain mixture remaining i n  t he  pipet  w i l i  be discarded. 

Red Cel l  Count, White Cel l  Count. - Blood f o r  t h e  red  c e l l  and white c e l l  
count may be obtained from the  ear-lobe puncture. The proper amount of blood 
w i l l  be measured i n  a c a p i l l a r y  pipet  and mixed with premeasured . , reagent-dilusnt. 
A t  some convenient time, t he  mixtures can be expressed i n t o  %?$rn$ometers f o r  
c e l l  enumeration. Counts w i l l  be accumulated using a t a l l y  counter, 

Blood pH, pOp, pC03 and Bicarbonate. - The f l ex ib l e  p l a s t i c  container w i l l  
be a t tached t o  a p l a s t i c  block containing electrodes f o r  t he  e s t d t i o n  of these  
parameters. Blood w i l l  be drawn from t h e  container i n t o  t h e  e lect rode block by 
applying a vacuum t o  t he  d i s t a l  end of t he  block. These measurements should be 
made as soon a s  poss ible  a f t e r  t h e  specimen i s  obtained t o  avoid l o s s  of t he  
gases and changes i n  pH. Following t he  completion o f  these  measurements, the  
blood w i l l  be forced back i n t o  t he  blood container f o r  f u r the r  analyses. Bicar- 
bonate w i l l  be calcula ted from values obtained f o r  pH and pC02. 

Red Cel l  Yass and Survival. - Measurement of these  parameters i s  t h e  next 
l o g i c a l  s t e p  i n  t he  sequence of measurement, The parameters a r e  estimated by 
measuring the  r ad ioac t i v i t y  emitted from c1-5~ labeled red blood ce l l s .  This 
w i l l  be accomplished by placing the  specimen container i n  t h e  wel l  o f - t h e  f 

s c i n t i l l a t i o n  de tec tor  and counting t he  r ad ioac t i v i t y  i n  t h e  port ion of the  
container  exposed t o  t h e  detector .  

Hematocrit. - The hematocrit i s  a measurement of t he  r a t i o  of red c e l l  
volume t o  t o t a l  blood volume. It w i l l  be estimated by measusing the  res i s tance  
of whole blood, which i s  proportional  t o  t he  red ce1.l valme, Blood w i l l  be 
asp i ra ted  i n t o  a conductivity c e l l ,  t h e  hematocrit iaeasused and the  blood &is-- 
carded i n t o  the  waste disposal  system, 



- These plasma p z r s ~ ~ e t e r u  y & l L  be e s t b t e d  
by a t t acMng t h e  plasma container Lo e. p l a s t i c  block c o ~ z l n i ~ i n g  ion  se lec t ive  
e lect rodes  f o r  sodium, ca t ions  and cllloride. Potassium values w i l l  be derived 
from t h e  s o d i m  and cat ion measurements, Following the completion of these measqe- 
ments, t h e  p l a s m  ~3.11 be forced back i n t o  t he  plasma container f o r  f u r t he r  
analyses,  

Plasma Volume. - Plasma volume i s  estimated by measuring the  d i l u t i on  of  
a known amount of radioiodinated serum albumin (RISA) i n  t he  blood. Since this 
mate r ia l  d i s t r i b u t e s  i n  t h e  plasma compartment, t he  est imation of t he  radio- 
a c t i v i t y  i n  a known volume of  plasma and t h e  apparent d i l u t i o n  calcula ted from 
t h i s  value, w i l l  permit t h e  der ivat ion of t o t a l  plasma volume. The plasma speci- 
men container w i l l  be placed i n  t he  wel l  of t h e  s c i n t i l l a t i o n  de tec tor  and t h e  
r a d i o a c t i d t y  i n  t h e  port ion of t h e  container  exposed t o  t he  detector  w i l l  be 
counted. 

Colorimetw. - Colorimetric est imations w i l l  be made f o r  hemoglobin, red  
blood c e l l  osmotic f r a g i l i t y ,  plasma glucose, calcium and phosphorous and u r ine  
calcium and phosphorous. Aliquots w i l l  be removed from the  respect ive  containers  
by a sp i r a t i on  i n t o  reac t ion  vessels ,  reagents added and t h e  co lor  of t h e  
reac t ion  product measured a t  t h e  proper wavelength. The e n t i r e  reac t ion  system 
w i l l  be self-contained t o  prevent d ispers ion of reagents-mere;  & a 

Following t h e  color imetr ic  measurements t he  reac t ion  s y - s t a n p  

Urine Elec t ro ly te  Na+, K+, Cl'. - These ur ine  parameters w i l l  be measured 
as discussed under Plasma Elect rolytes .  Provisions w i l l  be made f o r  d i lu t ions ,  
i f  necessary. 

Urine Glucose, Prote in ,  pH, Blood. - These measurements w i l l  be made by 
exposing reagent impregnated tes t - tapes  t o  t h e  ur ine  specimens. The tes t - t apes  
w i l l  be contained i n  c l e a r  p l a s t i c  tubing with f i t t i n g s  t o  permit attachment 
t o  t h e  u r ine  container  on t he  proximal end and a vacuum source on t h e  d i s t a l  
end. Reaction w i l l  be read up t o  30 seconds a f t e r  the  t ape  i s  exposed t o  t h e  
specimen. The tape  and tape containers w i l l  be discarded a f t e r  use. 

Urine Bile. - Provision w i l l  be made t o  e n c a p a l a t e  a standard reagent 
t a b l e t  so t h a t  u r ine  may be applied and t h e  react ion observed. The t a b l e t  and 
t a b l e  container w i l l  be discarded a f t e r  use. 

Urine -- Microscopic Examination. - Urine w i l l  be placed i n  an evacuated 
f l e x i b l e  p l a s t i c  container, constructed with a cons t r i c t ion  at  t he  d i s t a l  end. 
The ur ine  w i l l  be centrifuged i n  an o r i en t a t i on  t o  permit a l l  sediment t o  
c o l l e c t  i n  t h e  cons t r i c ted  port ion of t h e  container. This a rea  w i l l  be clamped 
and t h e  sediment removed with a hypodermic needle. A drop of t h i s  mate r ia l  w i l l  
be placed on a s l i d e  f o r  microscopic examination. The ur ine ,  container and s l i d e  
w i l l  be discarded a f t e r  use, 

7 

. - Refractometry w i l l  be used f o r  t h e  determination of ur ine  
spec i f i c  g rav i ty  and plasma t o t a l  p ro te in  concentration. A drop of t h e  ur ine  o r  
plasma w i l l  be placed on t he  prism of t h e  re f rac tone te r  and t he  value deternined 
from t h e  i n t e r n a l  scales .  The prism may be cleaned with a disposable t i s sue .  

. - A microscopic s l i d e  w i l l  be prepared from 
each swab sample by smearing an area of t h e  s l i d e  with mat iera l  on t h e  swab, The 
s l ide  w i l l  be f ixed,  placed i n  a holder-staining device and stained with a 



s h p l e  s t a i n ,  e,g, c r y s t a l  v io l e t .  The st,o.ined micar w i l l  be c:;mr,nined micro- 
scogicalaiy f o r  types of microbial c e l l s  present and t h e i r  r e l a t i v e  abundance, 

Immediately a f t e r  the  smear preparation, t he  same swab w i l l  be used t o  inoeu- 
l a t e  severa l  types of prepared,prepackaged cu l tu re  media which have been stored 

\ under r e f r i ge r a t i on  i n  compartmentalized p l a s t i c  dishes,  The dishes  of inoculated 
cu l t u r e  media w i l l  be incubated f o r  a prescribed time period and then eramined 
f o r  microbial growth cha rac t e r i s t i c s  and/or enumeration of colonie3. These obser- 

o ' vat ions  w i l l  be recorded and the  dishes returned t o  re f r igera ted  storage f o r  
f u tu r e  examinations. 

Provision w i l l  be made f o r  conducting a n t i b i o t i c  s e n s i t i v i t y  t e s t i ng ,  not as 
a rou t ine  but only t o  a s s i s t  i n  determining a n t i b i o t i c  therapy o r  i n  t he  ident i -  
f i c a t i o n  of a predominating organism. When required,  a pre-selected, prepackaged 
a n t i b i o t i c  s e n s i t i v i t y  t e s t  agar medium trill be inoculated with the  micro- 
organism( s )  under consideration. Antiobiotic containing paper d i scs  w i l l  be 
placed on t h e  inoculated medium surface and t he  d i sh  incubated f o r  a prescribed 
time before observing f o r  zones of i nh ib i t i on  t o  t h e  an t i b io t i c s .  

' 1' 1 3.1.2 O ~ e r a b i l i t v .  - Section 111-A FBB System Requirements Document contains 
appl icable  Operabil i ty requirements together with those noted herein. 

3.1.2.1 Safety. - Shielding of the  radioisotope storage module w i l l  be 
designed t o  provide an exposure r a t e  of  l e s s  than 0.666 millriroentgens/hour a t  
six inches. The waste d i sposa l  module w i l l  be designed t o  avoid physical i n ju ry  
and environmental contamination, from reaction,  specimen handling and cu l tu r e  
products. 

3.2 In te r face  Requirements 

~ n t e r f a c e  requirements of t h e  BPA S ta t i on  m e  due t o  functional ,  physical  
and procedural r e l a t i onsh ip  between t he  EPu equipment, operator and a l l  systems, 
equipments, and f a c i l i t i e s  required t o  accomplish BPA t e s t  objectives.  

3.2.1 Experiment ~quipment/~easurement S ta t ion  Interfaces .  - The BPA 
S ta t i on  w i l l  provide su i t ab l e  sample handling and measurement capab i l i t i e s  f o r  
t h e  experiment equipment. It w i l l  provide f o r  iden t i fy ing  and labe l ing  a l l  
specimens. Preservation and storage of blood, urine,  plasma and microbiological 
mate r ia l  a t  cryogenic temperatures w i l l  be provided. A waste disposal  c apab i l i t y  

Date w i l l  be logged o r  audio recorded f o r  l a t e r  manual entry  i n t o  t h e  PBDM 
system. Audio jacks w i l l  be provided on t h e  console. Data in te r fac ing  w i l l  be 
required fo r  t h e  der ivat ion of potassium values from the  sodium and ca t ion ic  

'P 

elect rode outputs. Values f o r  REC mass and s -uv iva l  and plasma volune must be 
corrected f o r  h e m t o c e t .  

Mechanical. 



3,3,1,1 Module S i z i n g  Requiremerrts, - A prr i r r ,n~j  requirement for the 
B P U  i s  t o  group r e l a t e d  displays ancl con t ro l s ,  The modular nrrungemen"r,ased 
on t h i s  c r i t e r i a  es tab l i shes  a basic module s i z e  of 19 x I9 inches ( f r o n t a l  a r ea ) ,  
Qurbpment not meeting this s i ze  o r  not adaptable t o  mounting on s l i d e  r a i l s  w i l l  
be hard mounted and removable by conventional techniques, such as qdck-opening 

\ fas teners ,  screws, e tc .  

3,3.1.2 S t ruc tu r a l  Requirements. - Removable modules w i l l  be provided with 

6 
' e l e c t r i c a l  cables of su f f i c i en t  length nnd f l e x i b i l i t y  and f u r t h e r  be provided 

, with a protect ive  coating over t he  length which i s  expected t o  be handled during 
i n s e r t i o n  and removal operations. The design of t h e  module and i t s  rack w i l l  in- L, 

d clude provisions t o  a l i g n  t he  module, i f  necessary, in such a manner t h a t  accurate  
alignment can be checked and possible adjustment can be performed without the  re- 
moval of components, cabl ing o r  plumbing. 

Equipment conta iners  w i l l  be provided with su f f i c i en t  screen covered holes 
t o  provent pressure buildup and t o  provide an adequate path f o r  a i r  flow. In 
addit ion,  t h e  vent holes  i n  t h e  s t r u c t u r a l  body w i l l  be provided with a f i n e  ' 

mesh f i l t e r  screen t o  prevent debr is  from enter ing t he  i n t e r i o r  o r  t he  module. 
\ 

3.3.2.1 Electrometer. - The electrometer w i l l  be u t i l i z e d  f o r  t h e  performance 
of pH, p02, pC02, Na+, K t ,  and C1" measurements and must present output s igna l s  
from t h e  e lect rodes  through a switching matrix. The instrument must provide f u l l  
s ca l e  def lec t ion  over a range of 50 m i l l i v o l t s  with a design goal  system accuracy 

-of +_ 1.0 mi l l ivo l t s .  The system precis ion goal  w i l l  be + 1 mi l l i vo l t .  Readout 
must be presented on a meter, and be r ead i l y  in te rpre tab le  from normal operating 
posit ion.  The instrument w i l l  be capable of operation on 110 v 2 lo%, 60 Hz. 
Analog s igna l s  from t h e  meter w i l l  be ranged from 0-1.4 vol ts .  Beckman prototype 
ACDM ampli f iers  w i l l  serve as t h e  electrometers. 

3.3.2.2 Isotope Counter. - The isotope counter w i l l  be u t i l i z e d  f o r  t h e  
performance of red c e l l  mass, red c e l l  su rv iva l  and plasma volume s tudies .  The 
red c e l l  parameter w i l l  be estimated using Chromium - 51; plasma volume using 
Iodine-125 labeled serum albumin. The counter must be capable of d i s c r M n a t i o n  
between these  two isotopes  s ince  they may both be present i n  t he  specimen being 
studied. 

The counter t o  be incorporated i n t o  t h e  FBB-PBAS i s  an Abbott Model 101. 
The de tec tor  must accept a cy l i nd r i ca l  specimen container and be operable i n  an 
o r i en t a t i on  90° from ve r t i c a l .  The counter w i l l  provide a high speed s ca l e r  t o  

. accumulate output pulses of the  pulse height analyzer during t h e  counting period. 
Total  count w i l l  be indicated on a Nixie tube dispaly  on t he  console panel. 
Control of t h e  s ca l e r  w i l l  be exercised by an e lec t ron ic  t imer with an accuracy 
of + - 0 ,5  Hz fo r  each counting period. 

The instrument w i l l  be capable of generating a 10 Hz t e s t  s igna l  t o  check 
5 

t h e  funct ion of a l l  components except the  s c i n t i l l a t i o n  de tec tor  and high voltage 
power supply. A source of &I33 w i l l  be provided a s  a system check. 

3,3,2,3 Hemtocr i t ,  - The e lec t ron ic  hematocrit i s  a device f o r  the  deter-  
&nation of the  r e l a t i v e  concentration of red c e l l s  i n  blood by r e s i s t a c e  
measurements, The device operates on the  p r inc ip le  t h a t  red blood c e l l s  a c t  a s  
e l e c t r i c a l  i n s d a t o r s  while serum a c t s  a s  a temperature dependent conductor. The 



--ssistance sf a cal ibrated volume of blood is a function of the relative eancen- 
:rat ion of the  red blood c e l l s .  

L The YSI e lec t ron ic  hematocrit device trill be incorporated i n to  the  FBB-BPM. L&pb 
rise devrice w i l l  have t h e  capab i l i ty  f o r  t he  operation a d  measurement of a con- 
5*,snt volume of blood i n t o  a measurement c e l l .  Tnis blood w i l l  be a t  appro 

same temperature a s  t h e  ca l i b r a t i ng  thermis tor-res is tor  combination. 

The e lec t ron ic  c i r c u i t  w i l l  incorporate a 10,000 cycle  o s c i l l a t o r  which 
* 3 i v e s  a bridge c i r c u i t .  One arm of t h e  bridge w i l l  be t he  sample c e l l  and another 
a m  t he  thermis tor-res is tor  combination f o r  temperature compensation. The output 
sf the  bridge c i r c u i t  w i l l  be amplified and displayed on a microammeter, 

3.3.2.4 Colorimeter. - The colorirneter w i l l  be u t i l i z e d  f o r  t he  analyses 
of hemoglobin, red blood c e l l  osmotic f r a g i l i t y ,  glucose, calcium and phosphorus. 
n e  instrument w i l l  be internallgr voltage s tab i l i zed .  Wavelengths between 400 
and 650 nm can be se lected and t h e  bandwidth w i l l  be approximately 15 nm. Wave- 
l eng th  se lec t ion  w i l l  be accomplished by movement of a wheel which w i l l  move a 
~ l a o s  wedge in te r fe rence  f i l t e r .  The colorirneter w i l l  use a tungsten l i g h t  source zf Fixed focus. Control w i l l  include an on-off dark current  con t ro l  knob t o  ac tua te  
t h e  instrument and f o r  zero ad jus t ;  a blank control  f o r  100% T adjust ;  culd a 
s h u t t e r  control  t o  cu t  o f f  l i g h t  from t h e  phototube f o r  zero adjust .  

The colorimeter cuvet te  chamber w i l l  be modified, as a design goal, t o  r 
Df r&4 iacccpt@olorimet~-~eac€ion~vZssels/ thus el iminating a need f o r  specimen t rans-  

f '+' ,/ f e r .  The Beckman-Spinco spectro-calorimeter w i l l  be t h e  instrument used in t h e  
FBEBPAS. 

3.3.2.5 Microscope. - The microscope w i l l  be used f o r  t h e  examination and 
enumeration of t h e  formed elements of t he  blood, ur lnary sediment and micro- 
organisms. The microscope w i l l  be monocular with wide f i e l d  eyepiece ( 1 0 ~ )  and 
an Abbe double l ens  type condenser with i r i s  diaphragm. I l lumination w i l l  be pro- 
vided by self-contained b a t t e r i e s  o r  an external  3-3.5 vo l t  power supply. The 
clicroscope w i l l  be equipped with lox, 40X and l O O X  ( o i l  immersion) achromatic 
object ives .  The Nikon Model H w i l l  be used i n  t h e  FBB-BPAS, . 

3.3.2.6 Refractometer. - The refractometer w i l l  be used f o r  t he  determination 
of u r inary  spec i f ic  g rav i ty  and plasma t o t a l  protein.  The instrument w i l l  be 
temperature compensated between 16 and 380C and w i l l  have i n t e r n a l  sca les  f o r  . 

both spec i f i c  g r av i t y  and t o t a l  protein.  Tables w i l l  be provided t o  cor rec t  
these  values t o  plasma t o t a l  water. 

3.3.2.7 Support Equipment Requirements. Electrode Blocks. - The elect rode 
blocks w i l l  be designed t o  contain e lect rodes  f o r  (1 )  pH, pC02, $2, and reference,  
and (2)  sodium, cat ions ,  chlor ide  and reference. These electrodes w i l l  be e a s i l y  
access ib le  f o r  servic ing and/or replacement. The specimen electrode i n t e r f ace s  
w i l l  be membranes t o  minimize cleaning requirements and interspecimen contani- 

T 
nation. 

Incubator. - The incubator w i l l  be designed t o  serve a s  s microbiological 
support unit and as a constant  temperature source f o r  the  electrode blocks. The 
dc rob io%og ica l  support unit w i l l  be designed t o  be access ible  on r a i l s  with 
clr~mping o r  support dedees f o r  individual  culture pltites, Temperature w i l l  be 
mnintained a t  360 2 1°C. 



men handling container,  and w i l l  be f i t t c : c f  with clamping devices t o  hhod the  cups 
\ and containers i n  posi t ion during t a s t i n g  i n  ea r th  gravity.  The instrument w i l l  

operate  on 115 f 10% vol t s ,  60 Ilz. 

m In t e rva l  Timer. - An i n t e r v a l  timer w i l l  be required f o r  t he  timing of 
s t a i n  exposure and chemical reactions.  The t imer w i l l  be e lec t ron ic  and measure 
elapsed time i n  minutes. 

Waste Disposal. ,- The waste disposal  u n i t  w i l l  be modified f o r  discarded 
s o l i d  supplies,  e. g. syringes,  sponges, colorimeter react ion vessels ,  etc.,  and 
l i q u i d  wastes, e.g, blood, ur ine ,  s t a in s ,  waste solut ions ,  e tc .  The con- 
t a i n e r  w i l l  be provided with separate  access por t s  f o r  l i qu id  waste and so l i d  
waste. The l i qu id  wastes w i l l  be trapped p r i o r  t o  lyophi l iza t ion.  The vola t i7e  
mate r ia l s  would be exhausted t o  space i n  a f l i g h t  unit but  can be trapped during 
t e s t i n g  of t h e  FBEBPAS. The vacuum source w i l l  a l s o  be ava i lab le  t o  the  so l i d  
d g t e  container t o  lyophi l i ze  any surface l i q u i d  waste. 

Storape. - The FBEBPAS w i l l  provide su i t ab l e  storage space f o r  supplied 
needed f o r  t he  conduct of t he  required measurements. Separate non-refrigerated 
space w i l l  be provided f o r  -- microbiologic - supplies,  radioisotopes,  . - -- -- - - colorimetry 
r e a c a n  vessels,  refractometer,  breathalyzer,  e tc .  These storage a reas  w i l l  
be provided w i t h ~ i l  nounted pull-out shelves,for f a c i l e  access t o  t he  contents. 

,When appropriate,  clamping devices w i l l  be provided i n  t h e  s torage compartment 
f o r  t h e  various items o r  suppl ies  enclosed therein .  

Refr igerat ion w i l l  be required t o  simulate t h e  f l i g h t  procedural sequence 
p a r t i c u l a r l y  in t h e  case  of 3- prepackageg cu l tu re  media. 14i.crobiological 
growth inves t iga t ions  requ i r ing  post-f l ight  ana lys i s  w i l l  require  t h e  storage 
of  d ishes  t h a t  have been cultured.  Standard laboratory r e f r i ge r a t i on  storage 
area,  approximately 8 in .  x 8 in.x 1 5  in.,  can be u t i l i z ed .  This w i l l  be a non- 
de l iverab le  item. 

Many of t h e  FBB measurement specimens can be preserved f o r  considerable 
per iods  by deep f reez ing  i f  an  endocellular  cryophylactic agent such as glycerol  
o r  dimethy1sulfoxi.de i s  added t o  prevent d isrupt ion by i c e  c r y s t a l s  of any 
formed elements, pa r t i cu l a r l y  i n  blood. B a d e  t m e  compressor f reezes  w i l l  

A coding system t o  i d e n t i f y  the  S U ~ J ~ C C ,  
be developed t o  enable pos i t ive  iden t i -  

f i c a t i o n  of each sample upon re tu rn  f o r  post - f l ight  analysis .  

3.3.3  Displays and Controls. - BPA Sta t ion  controls  f o r  actuation,  adjustment, 
etc. ,  w i l l  be i n  a pos i t ion  t o  be ava i lab le  t o  the  o p e r a t ~ r  from his operat ional  
posi t ion.  I n  cases where commercial. equipment i s  designed t o  be serviced o r  9 

adjusted by r e a r  access,  and these  controls  cacnot be extended t o  t he  f r o n t  
panel, t h e  equipment w i l l  be extendable, permitt ing alignment from a f ron t  p s i t i o n .  

3.3.4 Calibration,  - Calibration of t he  FBSBPAS ?cil1 serve two purposes, 
One i s  t o  demonstrate t h a t  the  equipments u t i l i z e d  i n  t he  B1A Sta t i cn  a r e  
operat ional  m d  the  second, t o  define t he  slope of a ewe def ining instrument 
response versus concentration o r  a c t i v i t y  l eve l s ,  Those equipaents lending 



$hemselves to opern'tionnl cheeks arc t h e  colnrii-ie-l;er, eLcctronie he:n?torr i t ,  and 
tile r ad io i so topes  cotmtcr-, The color imctcr  w i l l  be cl~ccketi by s-rlpplying a stand- 
a r e ,  non-deter iora t ing  f i l t e r  o r  so l l i t ion ,  Tiic e l e c t r o n i c  hem:itocrit w i l l  in-  
c lude  a c a l i b r a t i n g  c o n t r o l  on t h e  face of t h e  irrstrument pane l  which x i i l  p e d t  
adjustment  t o  a known l e v e l .  The r ad io i so tope  count*er w i l l  i nco rpora te  a panel  

\ swi tch  which w i l l  permit t h e  genera t ion  of  a 10 Hz i n t e r n a l  t e s t  s i g n a l  t o  demon- 
, s t r a t e  a n  ope ra t iona l  s t a t u s .  I n  a d d i t i o n  t o  checlcs of t h i s  type,  which demon- 

s t r a t e  t h e  o p e r a t i o n a l  s t a t u s  of  an  instrument ,  t h e r e  i s  a l s o  a requirement f o r  
L : t e s t  c a l i b r a t i o n  t o  de f ine  t h e  s lope  of  t h e  response c w v e .  Ca l ib ra t ing  gases 

I a r e  requi red:  5% C02, 12% 02, Balance N2. 10% GO2, Balance N2. 

3.3.5 Power Requirements. - The BPA S t a t i o n  w i l l  be designed t o  ope ra te  
from a source  o f  1 1 5 V  4 lo%, 60 Hz. 



l Conce~tua l  Design 

4.1.1 . - A major object ive  i s  to provide a centra l ized 
s t a t i o n  f o r  measurement, display,  and control  of  biochemical measurements. 
The BPA s t a t i o n  w i l l  contain elements f o r  conducting colorimetric,  radioisotopic,  
microscopic, potentiometric, impedance, refractometr ic ,  microbiologic and 
tes t - t ape  measurements, and t h e  a n c i l l a r y  equipment and suppl ies  required t o  
prepare specimens f o r  tlon-boardtt analys is ,  and/or storage f o r  "post-f l ightt t  
analys is .  

4.1.2 Desim Concept. - The BPA Sta t ion  design cons i s t s  of a th ree  bay 
console designed t o  house a l l  equipment elements with the  exception of a f r eeze r  
which w i l l  be a separate  i n s t a l l a t i o n .  The BPA Sta t ion  i s  designed t o  be operated 
by one crew member. Data w i l l  normally be displayed and manually recorded a n d 4  
subsequen-kly t ransferred t o  t h e  PBDM Sta t ion  f o r  da ta  handling and transmission. 

2En3d '11 be made f o r  e l e c t r i c a l  interc~ue~t-i~~h-~he-t_w_o -st@%ns- 
i n  t h-t-mfiasmitted 

4.2 . Block Diagram 

2 Equipment Elements. - The BPA system i s  made up of t he  measuring 
and support equipments needed t o  perform t h e  required analyses. The ana ly t i c a l  
equipment includes a colorimeter, a radioisotope counter, an elect rode system, 
and an e lec t ron ic  hematocrit. The support equipment includes an incubator, a 
centr i fuge,  a timer, and a f reezer .  These equipments a r e  i l l u s t r a t e d  i n  Fig. 6. 
Each device i s  supplied with a source of  115V, 60 Hz power. It w i l l  be a design 
goal  t o  route  the-var ious  analog and d i g i t a l  s igna l s  from t h e  measuring devices 
i n t o  a d i g i t a l  vo l t  meter through a nine posi t ion switch. Data w i l l  then be 
logged, e i t h e r  manually o r  through an audio recorder,  

4.2.1.1 Electrode Subsystem. - Each of t h e  measuring devices w i l l  have a 
s i n g l e  output routed through t he  switch except f o r  t h e  e lect rode subsystem. The 
e lec t rode  subsystem i s  i l l u s t r a t e d  i n  Fig. 7. It contains a sodium electrode,  
a potassium electrode,  a chlor ide  electrode,  an oxygen electrode,  a C02 elec- 
t rode,  a pH electrode,  and reference electrodes.  These e lect rodes  a r e  located 
in a temperature con t ro l  block supplied by t h e  same heat  source a s  t he  
bac te r io log ica l  incubator. Signals from each of t h e  e lect rodes  will be routed 
through i t s  own electrometer, thus  making it an e a s i l y  replaceable module. 
S igna l s  w i l l  be taken from electrometers through t h e  main switch i n t o  t he  
d i g i t a l  voltmeter. The electrometers used in t h e  e lect rode subsystem w i l l  be 

' 

Beckman ACDM prototype units and w i l l  serve t o  replace t h e  pH meters t r a d i t i o n a l l y  
used f o r  such measurements. 

P 

4.2,1,2 Hematocrit Subsystem. - The e lec t ron ic  hematocrit i s  a device f o r  
d e t e w n i n g  t h e  r e l a t i v e  concentration ~f red blood c e l l s  i n  blood by means 
of  r e s i s t ance  measurements, Blood i s  asp i ra ted  i n t o  a sample c e l l  which forms 
one am of  t he  bridge c i r c u i t ,  t h e  other  am consis t ing of a thermistor-re- 
s i e t o s  combbation f o r  temperatwe compensation. This bridge c i r c d t  i s  dsiven 
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by a l0,800 KC o s c i l l a t o r ,  The output of t h e  bridge circuit is arn?lifled, I;C 
voltage t o  the  ampli f ier  being controlled a t  6,5 vo l t s  2 5% by a zener diode, 
The s igna l  from t h e  ampli f ier  w i l l  bc passed through the si.dtch i n t o  the 
d i g i t a l  voltmeter, 

i 4.2.1.3 Isotope Counter. - The Abbott Model 101 counter w i l l  be used. 
Fig. 8 shows t h e  specimen being introduced i n t o  t he  detector.  The counter has 
a high speed s ca l e r  t o  accumulate output pulses of  the  pulse height analyzer 

' 'during t he  counting period. Total  count w i l l  be indicated on a display a t  the  
I~BPA Stat ion.  

4.2.1.4 Electronic Hematocrit. - The YSI e lec t ron ic  hematocrit device w i l l  
be used. The e lec t ron ic  c i r c u i t  shown i n  Fig. 9 w i l l  incorporate a 10,000 cycle 
o s c i l l a t o r  which dr ives  a bridge c i r c u i t .  One arm of the  bridge c i r c u i t  w i l l  be 
t h e  sample c e l l  and another arm the  thermis tor-res is tor  combination f o r  tempera- 
t u rn  compensation. The output of  the  bridge c i r c u i t  w i l l  be amplified and dis- 
played on a m i c r o m e t e r  a t  the  BPA Sta t ion.  

4.2.1.5 Colorimetry Subsystem. - Those t e s t s  involving chemical react ions  
wig be analyzed by colorimetry. The colorimeter i s  i l l u s t r a t e d  i n  Fig. 10. 
In this system, l i g h t  from a tungsten bulb i s  rassed through a continuously 
ad jus tab le  f i l t e r  wedge, which allows se lec t ion  of wavelengths between 4.00 and 
650 nm. Light a t  t he  proper wavelength i s  then passed through t he  sample c e l l ,  
containing t he  colored reac t ion  product, and t he  i n t ens i t y  of t h e  l i g h t  passing 
through t he  sample i s  measured by a photodetector. The output of t he  photodetectors 

,amplified and then sen t  through t h e  main switch i n t o  the d i g i t a l  voltmeter, 

The colorimetry reac t ion  subsystem i s  i l l u s t r a t e d  i n  Fig. 11. The reac t ion  
vesse l  w i l l  be evaluated t o  el iminate any t r ace s  of  a i r  which might i n t e r f e r e  
with subsequent o p t i c a l  measurements. The volume of the  chamber w i l l  be 
accura te ly  known and w i l l  serve a s  t he  specimen chamber. 3y changing a valve 
posi t ion,  t he  evacuated chamber w i l l  be opened t o  the  specimen which w i l l  
completely f i l l  t h e  evacuated space. Reagents w i l l  be added, t h e  number depending 
upon t h e  spec i f i c  t e s t ,  and the  reac t ion  w i l l  be allotred t o  take place. The 
colored end product w i l l  then be read i n  t h e  reac t ion  vesse1;thus el iminating 
any need f o r  specimen t rans fe r .  This technique w i l l  allow t o t a l  containment of 
specimen, reagents, and reac t ion  products. 

4.3.1.6 Microscopy Subsystem. - Blood c e l l s  must be s ta ined as i l l u s t r a c t e d  
i n  Fig. 12 in  order t o  de f f e r en t i a t e  among the  various white blood c e l l s  and t o  
permit t h e  recognit ion of re t iculocytes .  Whole blood, e i t he r  per ipheral  o r  venous, 
can be used f o r  these  t e s t s .  For t h e  d i f f e r e n t i a l ,  a drop of blood w i l l  be 
placed on a s l i d e  and a smear prepared. For t h e  re t i cu locy te  preparation, a 
drop of blood w i l l  be drawn i n t o  a pipet  and mixed with the  supra-vital  s t a i n  
and then a smear prepared. These s l i d e s  w i l l  then be placed i n t o  a s l i d e  s ta iner .  
The s l i d e  s t a i n e r  i s  a rectangular charnber i n t o  which i s  machined a concavity. 

1* 

The s l i d e ,  placed on top  of the  concavity, forms an a i r  and l i q u i d  t i g h t  chamber. 
A t  one end of t he  chamber i s  at tached a vacuum source and the  other  a connectkn 
f o r  s t a i n s  and washes. I n  operation, t he  camber i s  evacuated t o  remove a l l  t r a ce s  
of a i r ,  a valve t o  t h e  vacuum source turned off ,  and the  valve t o  %he s t a i n  o r  
'wash so lu t ion  opened. The s t a i n  o r  wash so lu t ion  then completely fills the  
evacuated chamber. The used s t a in s  and washes pass i n to  the  l i qu id  disposal  unit, 

s ta ined s l i d e s  w i l l  be a i r  dr ied and t he  c e l l s  enumerated m i c r o c s o p i ~ a l l y ~  
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The number of  vari~us types of cells will be enumerated on a comte r ,  

&,2,1,7 Inc~5atos Subsystem, - The incubator subsystem serves two p 
(1) t o  serve as ti ilea% source for the electrode blocks and (2) as an incubator 
f o r  $he cu l t u r e  oZ ~Acro-organisms. This subsystem is i l l u s t r a t e d  in Fig. 13, 
Both t h e  incubate? and the  heating chnn~ber f o r  t h e  block w i l l  be operated from 
a s i ng l e  source 05 heat .  However, s ince  the  temperature con t ro l  i s  much more 

, c r i t i c a l  f o r  t he  e lec t rodes  than f o r  t he  cu l t u r e  of  micro-organisms, t he  
* t h e r m i s t o r  w i l l  I;z loca ted  i n  t h e  e lec t rode chamber. The power source of the  
' hea te r  w i l l  be r e g d a t e d  by a temperature con t ro l l e r  with a feedback from t h e  
thermistor.  
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1- * 0 I i ~ ~ ~ ~ 0 1 ) l J C ' ~ ~ 6 i i  

1.1 Scope 

This portion of the  FBB doclunentation es tabl ishes  t h e  overa l l  data han(Uing 
capabi l i ty  and performsnce requirements f o r  tila*, p a r t  of the  7143G43 B B  
dedicated t o  da ta  managerrlent. 

These requirements a r e ,  i n  essence, an expinsion and de t a i l i ng  of the  broader 
guidelines presented i n  the  FBB System Document. 

1 .2  Ccfinit ion 

The L"YIBLS4S D B  Eats Management Subsystcm (l2.1~) w i l l  be directed ta ra rds  f u l f i l l i n g  
severa l  major design and perfomancc goals. Among these goals are;  sirnulation 
of da ta  handling t o  be perfomled with the f'li::ht Il~iBl;'elS; s iz ing  of the computer . 
and data  storage required f o r  the  f l i ~ h t  C,IBi:G; ease of 02eration through ' 

automatic s igna l  routing and da ta  processing; display evaluation r e l a t i v e  t o  
f l i g h t  D~iBL1.E usage; and e q u i p e n t  u t i l i z a t i o n  which can be duplicated with  space- 
qua l i f ied  equipment. 

The FBB Nta Management Subsystem i s  i l l u s t r a t e d  i n  block diagran forn  ( ~ i g u r e  1 )  , 
t o  depict  i t s  conceptual boundries. Althou,zh the  systen w i l l  accept infomation 
from, and de l iver  s ignals  to ,  various measa-ement dedicated =eters,  e tc . ,  t he  
dedicated meters themselves w i l l  not be considered par t  of the  INS, only the 
capabi l i ty  f o r  accepting and routing the da ta  t o  these devices. ALL general  
purpose and universal  type display anusda ta  handling I'unctions w i l l  be considered 
part of t he  system. 

I n  general, the  I343 w i l l  receive inco~ning measurement data,  i n  e i t h e r  an analog 
or  d i g i t a l  forn, through i t s  switching matrix and/or i t s  multiplexer. The 
switching matrix, under e i t h e r  manual o r  computer control ,  w i l l  route the  analog 
infontat ion t o  one, o r  a l l ,  of several  locations;  incluciing a four-channel 
var iab le  persistence oscilloscope, an analog w c e t i c  t a s c  recorder and p a r a l l e l  
pen recorcier, and/or the input t o  t he  : rd t ip lexer .  The multiplexer w i l l  sari2le 
incoming analog s ignals ,  and, t h ro lqh  the use o l  an analog-to-digital  converter, 
convert these s ignals  i n t o  a d i g i t a l  f o m a t  f o r  c o r ~ b i ~ a t i o n  with  oxher incoming 
d i g i t a l  da ta  and u l t -ba t e  computer process in^, plus 2i;;;ital recording. The 
caaputer w i l l  have the capabi l i ty  of converting received, o r  anrrlyzed da ta  i n t o  
measurement terms and displaying t h a t  data on alpkanuaeric reciaoats and on a 
s t r i p  pr in te r .  The co~nputer w i l l  a l s o  hzve the cayabi l i ty  f o r  conve,-ting d i g i t a l  
da ta  back i n t o  an analog form f o r  display on the  previously discusscd a m l o g  
display devices, p k ~ s  cer ta in  analog meter recuouts thzt require data der ivat ion 
p r i o r  t o  display.  8.13 w i l l  a l so  have the  capabi l i ty  f o r  acccptixy?; v i s u a l  data,  
from e i t h e r  a microscope or subject  observation, and disg1ayin.g o r  recording t h a t  
da ta  f o r  l a t e r  display.  The handlirq of v i s ~ a l  Gat2 i s  acco;n-plished t'aro~.~@~ the 
use of an integrated video system. A keyboard w i l l  be ~rovic?ea t o  ? e m i t  operator " 
comunication with  trle IX.5 m d  computer and a spec ia l  p ~ e l  w i l l  use "d ig i t -d ia l"  
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w i t c h e s  t o  f a c i l i t a t e  the entry or' 'I,iocac:~,iicall, c l i n i c a l ,  and otnncr data of this 
na tmc  i n t o  the syc;tccls A2,ncndix iZ i : ~ c ! i c ~ ~ k r r ,  tiic varioxs C:~ruiu;rasclibr and 

lonag. display anci recording rcq~:iro:;ic:r,ls that rmsL a e  i ' ~ l 2 i l l e d  by the D G .  

Section 111-A F'BB System Requlrexznts c i o c ~ ~ ~ c n t  contains a l l  applicable 
documents . 

3.1.1 Functional. - The follcxring subhertdin,ys have been created t o  provide 
_ L  

a t o t a l  funct ionr lv iew of the  various requircr,lents tha t  must be ne t  and performed 
by the  IT'IS. The "Overall System" headlag provides a gross view of the  a'$ re-  
quirements, f o l l m e d  by "Inputs", t o  indicate  the  measurement signals t h a t  w i l l  be 
received by the  D4S. The next heading, "Accuracy", describes the  accuracy goals 
established f o r  the  D4S i n  handling the  incold,? date a f t e r  which  recordi in^" 
requircnent s , "~isp l r ty"  requircmcnts a d  "i?roccssin," require:nents are presented. 
The last sxb'neading, "~rtc!rup ~lodcs", dcscribcs a l te rna te  nethods of fur-ictiona1l.y 
handling dzta t h a t  would permit reduced, but continuous, subsysten operation i n  
t h e  case of cer ta in  mlfunct ions.  

3.1.1.1 Overall System. - Tne ClBIS4S B B  w i l l  provide, i n  addition t o  
dedicated display equ ipen t ,  a multipwpose Ikta ;Zanqernent Subsystem capable of 
both anal02 and d i g i t a l  display of measurements, analog and d i g i t a l  recording of 
measuremnt data, and derivation of measurement data  v i a  autocatic conputation and 
analysis.  

3.1.1.2 Inputs. - Physio1o~;ical s i ~ n a l s  bein,? obtained from a subject under 
t e s t ,  and/or data  originating i n  spec ia l  purpose equignent used durirg these t e s t s  
s h a l l  input t o  the  system t l r roqh  a s r i t c h i n ~  mtrl:.:. 13hysiolo~ical  datz obtained 
f r a n  a subject s h a l l  be i n i t i a l l y  routca througn a nonitor f o r  imed ia t e  display, 
gain equalization, additional s ignal  condition in^ o r  cor?;uutation. 5% monitor 
i s  not considered part of the Z S .  Outputs f r o 3  the monitor, as wel l  as  d i r ec t  

outydts f ron  the other  spec ia l  purpose m e a ~ ~ e x e n t s ,  w i l l  be acce2ted by the  D:S 
f o r  a p p r o p ~ i a t e  handling. Visual input data w i l l  be obtained fron both a microscope 
and astronaut o'oservation f o r  display md recording. portion of the %ta 
l.lancy3;ement Subsystem d e s i ~ a a t e d  f o r  thc  record in^ and display of v i s m l  data w i l l  
perfom independently of other elements 02 the  subsystem, and d i rec t ly  under an 
operator 's  control. 

The C14S w i l l  be capable of accepting s i w l e  value biochemical detemdnations, 
vcrious identifying data at the  bep;innin;; of my piU.s io lo~ica l  o r  b c h ~ v i o r a l  t e s t .  
This dztn, a s  it i s  being entered, w i l l  be encodca f o r  acceptance by the recording 
and c o x y ~ t a t i o n a l  portion or' the subsystem. Audio si:;nals, as  w c L l  as  ~ r c v i o u s l y  
discussed p h y s i o l o ~ i c a l  rtnctllog data, w i l l  be ncceptcd by the subsysten foz both 

en t  and temporard recording. (see 3.1.1.4 f o r  fur ther  discussion) 



3 .%.9-.3 W . ~ ~ c r a ~ y .  -. ~CC::USC 0: C;IC ~ ~ y / ; r .  , :~l;d ~r):i;rti;nclrr uni=noi-~n acc7u^acics 

of mhc physioloil;icz?, +.,r:mc;ducers :;ncj s;;(,f*irli,(:d ~1flCi~l.. t e s t  e ~ l l i ~ J ' : c ~ t ,  tne 
Bta  1.Iaqclnent Subsysie::1 r r i l J _  r c w i r e u  Lo ,.,;i i ndCLh, w i t h i n  its C%In C O ~ C C ~ % I I ~ ~  

bowdries,  the ? 'o l l cv in~  accuracies : 

0 0.5 pcrccnt f o r  ~lcasul-clncnts sa.-If,Lcdj coravel-l;~? t o ,  and displayed in ,  
a d i c i t a l  format. 

0 2.0 percent f o r  mcasurcmcnts :~c~;(:pkcd, d i s p b ~ e d  or  recorded f o r  
playbacli, i n  an anrrlo~; f o m t .  

3.1.1.4 Rccordiw. - Tile IX4S v i l l  provif!~: Lhe cailzbility f o r  recordin;: a l l  
data; with l a t e r  playback fo r  operator ~b~cr?/:~l, l .on, usinr: display capabi l i t ies  
described i n  paragraph 3.1.1.5, Display. ~ l a ~ i , : ~ c l i  of d i g i t a l  data, i n  i t s  
originating analog format, w i l l  be provided on :A somewhat r e s t r i c t i v e  basis  t o  
minimize subsysteln costs.  Signif icarrt derivccl Oata, particularlj t  i n  the pJlnonary 
area, and data  channels selected t o  evaluate ti if :  overa l l  s21bsysteros operation by 
comparison t o  or ig ina l  analog waveforms w i l l .  const i tute  the  bulk of information 
t h a t  w i l l  be available throtgh digital--to-&rlalv,5 conversion. 

Audio dzta  recording w i l l  be p e r f o m d  i n  IJJO :noclcs. One mode w i l l  involve the 
simultaneous recording of audio cor3;1cnts witn rf i a t e a  maloq rrcasurezent data; 
-orix~zrily f o r  future correlated playbaclr arid ~,v:~luat ion.  Tfie other moce w i l l  in-  
clude short  "note-t&iingl', scratch-pad type of :~udlo-memo recording f o r  ear ly 
playback and action. Tne l a t t e r  node of r~e:;o-r(:cordin;; T~ill be of particll lnr use 
during s ingle  value deterxinations at  a ~ i o c ? ~ ~ n i c a l  he-mrat ion and Anabjsis ( ~ T A  ) 
stat ion;  with l a t e r  pbybaclc and entry of t h z t  data  through the  sdosystens n w e r i c d l  
entry capabi l i ty .  An audio intcrcor~,~u,qicZtion (:a@oility betiwen operator and 
subject w i l l  be provided a3.ong with the  c j p a j i  ~ . f t y  f o r  recoraing audio coments. 
The analog d a t a / a d i o  s ignal  recording c a p a b i L i t ~  w i l l  be under c i r e c t  o p r a t o r  
control  so  t h a t  a l l  i n t e r ~ o ~ m u ~ i c a t i o n  converznki~n, p a r t i c u r b  d u r i w  a non-test 
period, t r i l l  not necessarily be recorded. 

3.1.1.5 Display. - The D.IS t r i l l  require :;cvcral tries of mult i -usqe data  
display presentations f o r  ooerator obsenat io :~ .  Iccluded i n  these techniqdes w i l l  
be at l e a s t  f o.u simultaneous channels of re.z~-t;i.r~.e t r=s i to ry  analog wavef o m  
display, i n c l u d i n ~  effect ive three  dkensionn]. :~rcsentations,  alphanmcric readout 
t o  provide idezt i f fed readout of d ~ t a  conver-'tc-(J 'io n c a s ~ r c d  values, readout of any 
r ~ ~ ~ u a l l y  inputed signals. (see 3.2.3 Operator interface) , printed (hard co9y) of 
post-test  tabulated measurement data, v i sua l  d;~t,3, monitoring, and display recordings 
of input o r  previously recorded analog data. 

Tne major displsy/recordin,?; capabi l i ty  w i l l  be provided by 2 eight-channel non- 
deliverable pcri2heral recorders, horqcvcr, thi- .;ubsystcm w i l l  provide a t  l e a s t  2 
c h m c l s  of display/rccord.inC; c a ~ b . i l i i ; y  i n t c , ; ~ ' ~ ~ l  with the dclivercd cquipmcnt. 

3.1.1.6 Proccssinfi;. - Tile D.IS \:ill h3:,rc tire c3:ebility t o  provide sezi-automtic  
o x r a t i o n  02 the A q B  system, neasurernent ~ ~ a p - : , i s  &IG cvduation t'nrou;li stored 't 

reference inf o m t i o n  a~rld. arit'r-'~ietic cc;nput=?ti o~.c;, i n c ~ ~ d i r q  conversion or" input 
d ~ t a  t o  cngineerinC/me&j-ciri < c ~ n s  f o r  rcafi-0:;'. ,J..IU ?ri:l~ed. Copy. x e  t o  the w L a m  
nature of processin[; c a p b i l i t i e s  i n  my f m ~ - ( .  2px-e-craft t ha t  d6h-L house the 
f l i g h t  D.rmi j ,  a non-deliverajle conputzr a y z t f  w i l l  fUIcti0n r iS ,  and siii7dAte, 



tklc potential fbin:bt wilt ., Tnfor-rzc-. t i o ~ ~  r :ntilcrc:lt L rc;,n t':! s riir11ilzteri ?coccc;r~sr 
w ~ U  be invalurtblc i n  perf omlin-, tr--tie-oi'f ~tutlic~ rcia'cive to any e x i z t i n ~ ;  
processoa4s, or pro j ccted cieveLop~ ic11 L . 

3.9.1.7 Brzclrup biodes. - 'r11c w i l l  have cu f f i c i sn t ;  lof2ic m d  intern& 
e lec t ron ics  t o  permit nnnwl  operation of i t s  input nnalo-; s i p s 1  routin.;, 
(see  paragraph 3.2.3.2) . This functiorl w i l l  bc possiblc w i t h ,  o r  without, 
a u t o m t i c  processing functions.  Thc subsjrstern w i l l  bc capable, under the  same 
circumstances, t o  record and playback any analog input s igna ls  which a r e  not 
dependent on a u t o m t i c  processing. 

3.1.2 Operabil i ty.  - Thc follcxr-on subheadings, where required, contain 
addi t iona l  BIS operab i l i ty  rcquircinents i n  t he  areas  of "Rel iabi l i ty" ,  
Maintainability", "Useful Lif c ' I ,  "Natural Environment", "Transporkability" , 
"Human Engineering", and "Safetyf' . 

3.1.2.1 Rel iab i l i ty .  - Section I11 - A FBB System Requirements document 
contains a l l  applicable statements. 

3.1.2.2 14aintainability. - The TS-IS, i n  addit ion t o  s t a t e ~ e n t s  i n  Section 111- 
A FBB System.Requirements, w i l l  s t r i v e  t o  provide rear  access t o  a l l  e lec t ron ic  
c i r c d t  boards cznd pl=-in i n t e ~ r a t e a  c i r c u i t s  f o r  both on-line checkout a d  
on o r  o f f - l ine  maintenance. T,herever ?ossible,  opera tin^ panels w i l l  i n t e r -  
connect w i t h  the  D.IS v i a  e a s i l y  disengai:cd comectors. h p i d  disconnect of an 
e n t i r e  input/output panel w i l l  a i d  i n  expediting bench t e s t i n g  of t h a t  un i t  and/ 
o r  replacement wi th  zn equal, o r  s i rnib ,  unit. 

Processor and subsystcm self-check prozraxs w i l l  be wr i t ten  t o  a i d  i n  deter-  
mining ~ u n c t i o n s ,  and subsequently rxinimize darn-time required during repairs .  

3.1.2.3 Useful Life .  - Section I11 -A l?BB System Requirements document 
contains a l l  applicable statements. 

3.1.2.4 Natural mvironment. - Section I11 -A F'BB System Requirements 
docunent contains a l l  applicable s ta tenents .  

3.1.2.5 Transgortabil i ty.  - With the  exception of t he  peri?heral  (nan- 
del iverable)  d i g i t a l  computcr system wi th  d i g i t a l  recorders, the  two &pen 
recorders, and the  Analog Tape Recorder, the  balance of t hc  D;E w i l l  be designed 
t o  t he  t r anspor t ab i l i t y  requirements of t he  EBB systcin contained i n  Section 111-A* 

3.1.2.6 IIwa Engineering. - Within the  design constra ints  of current ly  
avai lable  equipment, t he  Ih t a  Idana~ernent Subsystex w i l l  r a ~ i s l i z e  i t s  uses of 
H u n m  k c t o r s  enginecrine personnel and standards. :.ILL Stmdarc? 1472 w i l l  be 
used f o r  system display guidelines.  b v i a t i o n s ,  if m y ,  w i l l  be taken under 
advisement and appropriate ( shor t )  trade-studies ~ r I ' o ,mea .  =? 

3.1.2.7 Safety.  - Section 1114 F23 3yste:n 3cquireccnts c ~ o c ~ ~ c n t  contains 
all applicable general  reqiiremcnts, with the  exception t h a t  all cnassis 



usinz A.C. pcnq'cr . w i l l  bc in-Lc::cori-iccA;c:6 ?.;id ~rciruided. to the A.C. parer gcr07~r;f. 
w i r e )  a t  a sSin";lc point . .  

3.2.1 - Experimental ~ciui7riicnl;/!1c:tr,i;r-:.:crii; -- ------ Tnterf?*ze. - '?his section 
contains a description of '~he vario:ls i '~nction?-l  and c l e c t r i c a l  interfaces 
presented t o  tine D.1; by both bica~~;rc:.lt:nt arid F::;perincnt Equipnent . 

3.2.1.1 D y n d c  Physio1o~:ical :.lonitor. - T'hc IXG w i l l  present an e l e c t r i c a l  
interface t o  the  Dl34 containing the  f ollaqini: inf o m t i o n  : 

0 Alarm i ~ d i c n t o r  ac t iva te  v o l t a ~ e c  (4 c i r cu i t s )  
0 Analog recorder s t a tus  
0 Audio signals f ro~n/to a, subject 
0 A.Ce parer (115 V. 60112) 
0 D.C. power (28 v.D.c.) 
0 ~ a r n e s s / v c s t  s ignals  ( f ixed I '  in-consolet' mode of operation) 

The DFM will present an interface t o  the  INS containing the  f o l l m i n g  
informat ion : 

0 Analog recorder s ta r t / s top ,  and other controls 
0 Direct and derived data  Srou each vest/'narness inguk, regardless 

of f ixed or  portable no& 02 operation 
0 Calibrate data routed v i a  vest  /'nzrness s ignal  conditioners, 

3.2.1.2 Biochemical Preparation and Aqalysis (BPA) Station. - %ere w i l l  
be no electr ical /e lectronic  intcrface connections with the i n i t i a l  B?A con- 
figuration. The BTii console w i l l  hzve m e l e c t r i c a l  input/outnut coni-ector 
which i s  designated f o r  any futixre interconnection with the IX.'S. A l l  BPA 
determinations w i l l  be verSally recorded, o r  i f  desired, mnual ly recorded f o r  
l a t e r  entry i n t o  the  IBIS, The meno recording capabi l i ty  previously discussed 
as in t eg ra l  with t h e  D-IS, w i l l  provide the  only interface (.verbal) with the  BPA. 

3.2.1.3 Ergomter. - E:casuremcnts involving the use of an ergozeter w i l l  
necessi ta te  the  input of ergometer s t a tus  t o  t'ne BLF.1. Xrgometer s t a tus  
infomation w i l l  include power leve ls  and continuous indication of R B I  levels ,  

Outout of the  ergometer's R B I  tachoxeter and parer converter mult ipl ier  w i l l  
be presented t o  the  D.1S f o r  recording, ( i i s ~ l a y  and s m p l i q  subsequent t o  
computation of work-force prof i les  f o r  the subject under t e s t .  

2 . 1 .  IJ3I?TP. - Measuremects involving the use of a Larer Bo2y Eegative 
Pressure device t r i l l  provide the E.IS witn an analog sisal d i r ec t ly  proportional 
t o  the  p e s s u r e  within the device. Thc D,iS xust be capa5le of inzer,rz"uing 
these pressure values with p1zysiolo;;icnl h t a  beins s i ~ . u l t a n e o u s l ~  obzained 7 

from a subject.  Pnysiologicsl cia"& c w i l l  be obtained v i a  a monitoring harness 
input t o  the DZ4 m d  frorn l c ~  ::lethysno::r~phs. C u t p ~ t s  f roz  the p1ctk~r;mographs 
w i E l  be i n  the  0-5 v o l t  rmGe (usin2 ultrasonic and/or nercury s t r a i n  gage 



, . t ccwiaucs )  f o r  acccptc~ncc by LIIC I ,.,, ?nc! cofivcrsion to a y r c c n t  volmc - ,  

ehawe value. This percent cilnr;, ;c .IILI-L be used. t o  operaze a ~ p r o p r i a t e  
meters on the Vascular Dynamics 2:~nil.L. 

3.2.155 Kcspiratory. - The LIT:; r r i l - 1  rcceivc i n f ~ n ~ l n t i o n  from a croup of 
equiplent used t o  es tab l i sh  ccr'iain rcsoir:~torjr p.rruneters on a sub,ject. 
Included i n  these parmctcrs arc  F1cxxr, Voltu;~, Gas Ternpcrature , Percent CO, 
02, N2, e tc .  The respiratory data w i l l  be ctvailablc as  c l cc t r i cn l  si;;nzls 
which, i n  some cases, w i l l  require condition in^ t o  a 0-5 v o l t  D.C. l eve l  f o r  
fur ther  processing. The D4S w i l l  pro-~.3'.tlc u  volt^.;:^ pirlsc, f o r  rclrzy operation, 
based on monitoriny: the f l a r  rntc  f o r  spccif ic  m t e  crossover. Tnc pulse t r i l l  
be i n i t i a t e d  when thc r a t e  cxcccris o r  drops b c l w  the monitor level .  

3.2.1.6 Eyer-Genie. - A s  part of thc musclc strcnr;th, muscle cizc, measure- 
ments, m Ber-Gcnic (hrzvin~ a mnuzl ly adjustable load) w i l l  be used i n  con- 
junction with a load-cel l  (hrrvin~; a 0-5 v o l t  D.C. adjustable output) t o  obtain s 

data f o r  a force vs. time p lo t  on ecch sub,jcct, and d i g i t a l  readout of 
maximum forces from the l3.S. To provide complete mcasurement data t o  the DG, 
f o r  the  required force vs. time plot ,  it w i l l  be necessar j  t o  manually en ter  
the  load se t t ings  and tape rncasured nuscle s izes  in to  the DG. (see 3.2.3.2 f o r  
fur ther  d e t a i l s )  

3.2.1.7 &lass Measurement Devices. - Both bodj r a s s  measurements and 
specimen mzss measurements w i l l  bc pcrfom.ed with equipment t h a t  has the  capa- 
b i l i t y  t o  measure a period bebrecn 3 t o  5 cycles res_mctively, of f r ee  
osc i l la t ions  of the  object bcinf; weighed whilc attachcd t o  a spec ia l  lcw-friction 
l i n e a r  spring device. The ;periods w i l l  be ti-ncd by the  IXfS receiving both a 
start and s top pulse from t i e  equipment, an6 t i x i n ~  the increnent i n  betireen. 
The l2.G w i l l  perform coxnputation 02 the mass weight. Tne resul tant  weight, with 
i d e n t i f i c a t i o n  w i l l  be d i g i t a l l y  recorded, available f o r  d i g i t a l  readout, and 
p r i n t  out. 

3.2.1.8 Pressure Transducers f o r  Peripheral Venous Pressure ( ~ i r e c t  o r  
Indirect  ~echnique) .  - During the  "Indirect Technique" of 

peripheral venous pressure, the DdiS ~ r i U  accept inpats 2roa two s t r a i n  g q e  
dr iver  amplil"iers, over a 0-5 v o l t  rangc. Each mc~smement t r i l l  take approxi- 
m t e l y  one minute t o  geri'om, with the i2,S d i g i t a l l y  recording the  &ta, 
providing an averarge value of the plethysnograph t races  (using nzgativc t o  zero 
slope chaa~e)  peripheral venous blood y e s s u r e  a f t e r  three co:n?lete one-minute 
cycles. Averqe values w i l l  be presented f o r  readout and printout.  Real tir& 
data obtained during thesc mcasuremcnts 'i.ri.11 d s o  be recorded on a malog 
device, displayed on a d isp lay/ recor~er ,  an& displayed on a t rans i tory  cnalog 
wave f o r  device f o r  operztor observation. ikasurerncnt m d  subject ident i f icat ion,  

plus cal ibrat ion dzta,  w i l l  be manually entered. i n to  the C4.S. 

3.2.1.9 Bellavioral I~iecsure;.:ent S~bsysteix. - Tifie behavioral measurc~~ent 
subsystem includes nufierous i texs  02 cqui;sxcn-6 tht w i l l  in terfzce with the  

'9 

Eata Manqement Sd~systcn. The M.lS s r i l l  provide means for ;  sett inr;  un a 
p a r t i c u l ~ r  t e s t  elcmcnz; c o n J ~ r o l l i n ~  tnc nzture an& t i z ing  of s"bL~crlus >re- 
sentations and procedural steps (as  required by individual t e s t s  ) ; recording, 



&h;tviosaL E q ~ i - ~ e n t  involved 17i.11 i.r:clu.de : 

0 A Vision Tes t ins  U n i t  
0 An Audiolnetcr U ~ i i  t 
0 A C r i t i c a l  Tracking Task U: l i t  
0 A P e r f o m c e  Picasurcmcnt Ur~i t  ( ~ n c l u d i n j  Tcst Control In fo~;n , t ion)  

Othcr INS c a p b i l i t i c s ,  not s p c c i f i c s l l y  idcnti i ' icd a s  p~rt of t he  Cchavioral 
Subsystem, but serving as onc of i t s  mclasurcrncnt intcrf'acc3, includes: 

0 TV Cmera, PIonitor Screcn, a,nd Video Recorder 
0 Numerical k t a  Entry Switches 
0 Processor Keyboard 
0 Audio Recorder 

3.2.2 Per ipheral  Equipncnt (1k l ivc ra :~ l e  -- ?ad :!on-Tkliverable) Interfaces  . - 
I n  order t o  be responsive t o  t he  various mcdiccrl rccluirc::.cnts f o r  displaying 
and processing data ,  it becomcs ~rancfztory f o r  t he  P,C k t n  : Iznqernent 
Subsystem t o  provide ce r t a in  func t iona l  eqlri-p.cnt t h a t  i s  not i n t e g r a l  t o  a 
console housing the  n a j o r i t y  of mcasurexcnt and processin; equipment. It i s  
intended t h a t  these  capab i l i t i e s  such a s  w i l l  be b r i e f l y  described, h e r e d t e r ,  
w i l l  e i t h e r  be i n t e g r a l  wi th  the  f l i g h t  D.I3lJ!S o r  e x i s t  wi thin  the  spacecraft  
on which the  DTibIS is  placed; wi th  the  exception of pen recorders. These 
recorders a r e  included; primarily, t o  a i d  i n  evaluation of the  other  more 
fLight  or iented nethods of data  gathering and presentation.  

3.2.2.1 Nagnetic Tape Analog Recorder. - It i s  required t o  provide a 
capabi l i ty  f o r  recording up t o  12 simultzneous sources of analog data,  1 soxrce 
of audio data,  and timing in foma t ion  t o  a i d  i n  locat ing spec i f ic  measurecents 
during playback. A fourteen channel instra~ilentation t~ype recorder, w i l l  be 
required t o  meet t h i s  need and a l s o  t o  m-aintain t h e  overa l l  subsystea accuracy 
requirement of 2 percent f o r  cnalog in fomat ion .  Since t h i s  recorder w i l l  be 
too la rge  f o r  console in tegrzt ion,  a ren~ote cont ro l  panel ( e i t h e r  console 
mounted or ,  preferably,  on the  lciwer portion of t ne  DP?) w i l l  be r e q ~ i r e d  f o r  i t s  
operation. The sta,-t-stop sr,ritch f o r  t h i s  recorder w i l l  'mve suff ic ient  con+&cts 
t o  provide an indicat ion of i t s  pos i t ion  t o  the  DXS computer and d i g i t a l  
recorders (see  3.2.2.3) I h t a  paths t o  and fro111 the  recorder w i l l  be assigned by 
coded inf o m a t  ion manually and/or au tora t  i c a w  generated) . 

3.2.2.2 Video Recorder. - A video recordcr i s  required t o  record information 
from a ~ ~ ~ ~ 1 i c r o s c o ~ e  setup, o r  from d i r e c t  observation of a subject  dwing  
various work-task assigrments, e t c .  Since the  recorder i s  remote t o  the  basic  
PBD4 M3Eg:S console, an operatint: panel i n t e g r a l  wi th  the  console w i l l  be re -  
quired. The e n t i r e  video system ( i . e . ,  crrmcra, o ~ e r a t i n g  panel, zonf tor  screen 
and tape recorder)  i s  e s sen t i a l l y  independent of the balance of the  K3,  wi th  1 

the  exception of audio i d e n t i f y i q ~  az ta .  Iden t i f i ca t ion  of a video i z ~ z c  i s  
possible throag'n t he  use of d i r c c t ,  o r  raicroscopic, observation of identifying 
information o r  by recording an audio t r a c k  along with the  v i sua l  data .  The l a t e r  
method w i l l  be accomplished by interconnnecting the  video recorders audio 



3.2 -2.3 Cornputcr and  T)i::-it:il. 1:-cortlnr, - Tri  the f l.irr,ht 174PJi!S, it i s  
v ~ ~ ~ ~ : ~ ~ i z ~ ~  t,hat a (1 i~;~taX o'IL~, L. ( : (>L - ,  (,I", ~ - ~ , I , L ) L ~ ' I ~ : ( ~  r , ~ i . 5 h  ~n :l.rh:~Lcs; r c c ~ r f l i ~ ;  
c : ~ . p ; ~ ~ ~ ~ ~ ~ , y -  (pri13:ir i l~ Yor a110i(1 j r , L ' ~ , ~ - , , ~  ~ t , i o ~ ~ ) ,  L 1L :,? I J  ,n(L r v ~ t  u ~ r q r * ~ l l  
&I.L:~ ~ c c o r ( 1 ~ 1 1 ~ ;  rcq11 i . ~ - ~ ~ i ~ c ; l L : ;  ; i. (, 1:; - 1  L:,O ;J. ~ ~ ( I I I  1 I-,  J~ C; {Lo { f :  rL'omi c q r t ~ ~ i n  6n- 
o r b i t  calculat ions  and pro,;ram c o n t r o l ,  of' . , i l l  LcJ #::LL c AIL ~lr.xit;{ t o  warrant 
%he usage of a d i ~ i t a l  cor:;iu'icr. &; ilicc t h e  cw, ,pl:Lc r co.nnc~t, bc adr:n*m.tcljr 
i den t i f i ed  a t  t h i s  tirnc ( i . c . ,  il; :ni/,ht 'nc :in 2,:i , : t i i i c ;  nztri,::!.ti~n corzout~.r 
i n t e ~ r a t c d  i n t o  U.4DUI:3, it mi ,yht  bc nn on-boars cori~lltcr t i - i~z t  i s  tirced 
shared with IFIBLSJIS, o r  i t  mic ; i l t  hc :I ncrr ticsirl;a t :~ilorf-4 t o  E"IBIJ4S require- 
ments) it becornes a requircr~cnt  t o  provicic ~ ~ f i c i c n - 1 ;  co~:,p:~tational cap2- 
b i l i t y  t o  meet t he  g r m i n ~ ;  FBB ~ ~ ~ u i r c m ~ n t s ,  provide hreacl'ooard f lexibili.t;.f 
and future  growth, and t o  def ine  the  ultirriate f l i g h t  D/1;13IY'4S comp~rting needs. 
This computer, by the  v i r t u e  of having a need f o r  i t s  ocrn d i ~ ; i t a l  (Pro;:ra?l) 
storage recorders, w i l l  a l s o  use i t s  recorders t o  simulate t h e  d i g i t a l  da ta  
recording requirements. Dig i ta l  110 r cg i s t c r s  and appropriate control  l i n e s  
w i l l  be provided i n  t h e  basic  TXYI3 t o  in te r face  with the  cornpdter intcnded f o r  
use a t  LI.1SC and, if an NASA 14SC computer i s  iden t i f i ed  ea r ly  i n  the  prograia, 
similar e lec t ron ic  in te r face  w i l l  be provided f o r  t h e  NASA computer. 

3.2.2.4 Pen Recorder. - ALthoqh not i n  the  LVSC f l i z h t  C/fBU.!S d c s i g ,  an 
in te r face  w i l l  be required t o  route  incornicg analog da t a ( fo r  display/recorcing) 
t o  one o r  bfo ex te rna l  eight-channel analog da ta  pen recorders f o r  da ta  
comparison and evaluation.  Since t h e  recorders planned f o r  use a t  LI4SC a r e  not 
del iverable ,  it i s  intended t o  a l s o  route any two channels of incordng aEalog 
da ta  t o  a two-channel s t r i p  char t  recorder supplied wi th  t he  respira tory equip- 
ment. The l a t t e r  pen recording capabi l i ty  i s  a l s o  not part of the  f l i g h t  
concept but,  because of i t s  ava i l ab i l i t y ,  w i l l  be 2rovided wi th  t he  del ivered 
F'BB f o r  inmediate use by NASA. 

3.2.2.5 Calibration Equipment. - T'ne various biorriedical da ta  gathering 
equipment, i n  addi t ion t o  t h e  ove ra l l  D.IS s i p a l  processing capab i l i t i e s ,  w i l l  
require  the  use of precise  ca l ib ra t ion  s i ~ n a l s  entered irito t he  il13 pre and 
pos t - tes t .  These s ignals ,  i n  g e ~ e r a l ,  w i l l  be inserteci i n t o  the  subsysten at  
t'ne s igna l  condit ioner i n p - ~ t s .  To f a c i l i t a t e  t h i s  cali'oration input requirement, 
the  ca l i b r a t i on  un i t  w i l l  be designed a s  a piece of p r t a b l e  equipxent, preferably 
ba t t e ry  operated f o r  maximwn mobility. The ca l i b r a t i on  un i t  w i l l  have t he  
czpabi l i ty  of i n se r t i ng  both D.C. pulses a d  s ine  wave infomat ion.  Accuracies 
of these s igna ls  w i l l  be on t he  order of 0.2$. 

3.2.3 Operator In te r face .  - In  addi t ion t o  some of t he  specialized,  o r  
measurement dedicated displays  and controls,  there e x i s t s  a requirement f o r  
ce r t a in  displays  and co5trols  t o  in te r face  an operator with t he  D.13. These 
capab i l i t i e s  w i l l  include (1) a mzans t o  manually en te r  numerical da ta  (2) a 
mems t o  coin,xu,~icate wi th  an in tegra tea  processor (3) Alphanu~eric Displays, 
m n u a l  en t ry  stakus displays ,  vidco inonitor, and analog wave f o m  c i s ? b y ,  
(4) Analog and Video recording equiixfient controls  and s t a t u s  dis$lays. t 

3.2.3.1 Processor Keyboard. - An opcrztor keyboard, modeled &ter t h e  
A;?ollo navigation corquteer keyboard %o rcininize o-xrcttor i 'm i l i a r i za t i on  and 

LII -2-13 
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w i l l  include pro.;rcirn i;~otil;l"icai;ion, r;t.<ci: c:.:; iiioni%or.in:; l i ; n i t  chzn~cr,, i a i t i c L i o n  
of a spec i f ic  t e s t  gro:.in o r  sequcncc, r i l g i t n l  an& unolo; u i sp izy  ciia.n;yer, asd 
d i r e c t  comdnication w i - i ; h  Lilt i3.i; in :.L ii:~C::~Ug rnotic of u ; ~ c ' ~ L ~ ~ o : I ,  t h a t  does n o t  
require  on-line processing.  S:c pzra/;r?.:)ii 3 -2 - 3.3 f o r  thc iiizi La1 ciisplzy 
requirel;lents that. coiilplc1ilei1.t t h e  0pcr::itioi-I oi' tile !ccyboartl. 

3.2.3.2 Numcricnl n l t n  Entry 3,ritchcs. - A spcc in l  grou? of d i g i t - d i a l  
switches have bcen assigned t h e  i'unction of mruzun.lly enter- in,^ nuinerical data 
i n t o  t h e  D.IS f o r  recording, co:nputa;tion, p r in tou t ,  e t c  . Tais  function 
f a c i l i t a t e s  t h e  en t ry  of da t a  obtained elsewhere, such as c l i n i c a l  da t a  o r  i n -  
formation obtained at  t h e  BPA console, besides providing easy en t ry  of astronalat 
i den t i f i c a t i on ,  t e s t  number, and t e s t  time p r i o r  t o  any measurer.enf. Since t h e  
same da t a  en t ry  funct ion could be aciiioved a t  t h e  processor keyboard, but  wi th  
somewhat l e s s  ease, t h e  FBB DIdS w i l l  evaluate each approach. 

3.2.3.3 14emo Recorder. - To a i d  an FBB operator i n  e f f i c i e n t l y  handling 
data ,  t h e  D.IS must provide t h e  capa3 i l i ty  f o r  an operator t o  verba l ly  10s; da ta  
t h a t  can be played back a t  sane l a k r  point  i n  t i n e .  k portable  audio recorder 
w i l l  be provided t o  f u l f i l l  t h i s  nccd. Tie recorder w i l l  permit up t o  one hour 
of ve rba l  da t a  recordins which can be played back, a t  an opera tor ' s  d i sc re t ion ,  
f o r  evaluation a d l o r  en t ry  i n t o  t h e  I243 v i a  t h e  r m e r i c a l  da ta  en t ry  switches. 

3.2.3.4 Displays. - Various C?isTlays a r e  required t o  i n t e r f ace  wi th  an 
operator  t o  present t h e  da t a  accepted by t h e  iP4S ,the r e s u l t s  of computed data ,  
t h e  keyboard and comnuter s t a tu s ,  t h e  da t a  being entered i n t o  t he  comsuter, and 
t he  operat ional  status of per iphera l  e q u i p e n t .  These dis2lays  w i l l  t ake  
severa l  d i f f e r en t  f onns, such a s  : Five 8-posit ion alphanuxeric reaZouts wi th  
t h e  t h r ee  most s i gn i f i c an t  posi t ions  having a 24 alphabet ical  character  
c apab i l i t y  f o r  measurement i den t i f i c a t i on ,  t he  four th  pos i t ion  w i l l  have a 0-9 
and decimal point c apab i l i t y  plus  14 se lec ted  a lphabe t ica l  readadts f o r  i den t i -  
f i c a t i o n s  requir ing fou r  l e t t e r s ,  while t h e  r emin ing  4 posi t ions  w i l l  have a 
0-9 and decimal point  capab i l i ty ;  a four-c'hannel oscil loscope f o r  wavefom pre- 
senta t ion;  a 64-character o lphanm~eric  s t r i p  pointer  f o r  "hard co?y" da t a  
presentation;  lieyboard znd coxputer s t a t u s  l i g h t s  t o  ind ica te  cornpater locat ions  
and program t h a t  have been addressed by lieyboard ac t iva t ion  and various C1.B 
s t a t u s  l i g h t s  t o  ind ica te  computer a c t i v i t y  and o_ocrating nodes; s t a t u s  l i g h t s  on 
remote operating - p e l s  f o r  t h e  video recorder and analog magnetic t ape  recorder; 
a video monitor screen f o r  reel-time presenta t ions  o r  playbncli of p r ev iousu  
recorded video data ;  18 chmnels  of pen recorder display ( 2  channels zt t h e  
console) a d  16 channels on reinote eqaipilent; and a mission t imer display t o  
display e i t h e r  tes t - t ime,  o r  real- t ime. 

3.2.3.5 ~liscell&?eous.  - In  addi t ion t o  an operator i n t e r f ace  wi th  t h e  
previously described uisplays mcl op?.ra%ing panels, t he r e  a l s o  e x i s t s  a required 
ment f o r  t h e  ooerator t o  have remote con t ro l  (at  t h e  console) of;  cn analog tape 
recorder m d  video tape recorucr; PUB: console paqer; oscil loscope channel T 

i den t i f i c a t i on ,  wherein operat.ion of t ne  control  w i l l  t enporar i ly  halt t h e  
d i g i t a l  d isplay of da ta  on t h e  f i r s t  a l#x i -d i~&al  rcadouts and subs t i t u t e  alpha 



irt-i;~ idcn%ifyicz t,rlyjch folli- d;;;a cl;:lnvl.- i:; :~rt! c-.-+.-<- .' 3 1 ;-' - .  
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~'om-ch31~qel o s c i l l o s ~ o p c ;  varioll:; i,>2~~.:;1ii'!>ILii>r!t cliscrc be c o n i ; ~ ~ l r ; ,  not 
n c c c s s r r i u  ~31°C of t h e  D4;js arid? in <;:c C ~ L T ; ~  OV t l ~ c  ijt:i?a~i~rz1, prr%oi?a;?,cc 
- .,ncl, - controls to sJial% anGL sto!, :2 l);~.:-~Lic:,:J-ar tcni; sci;_uc;lce (a i'cnction n o n . d l y  
&signed t o  the  processor l;cg-boa:.~) 2111:; c ~ i ; ; ~ i l t c r / t c s t  rcadj stzti;s data displays.  

3.3 R s i g n  and Construction 

Tnis sect ion i s  t o  present more dc ta i lcd  in fomat ion  r e l a t i v e  t o  the  pi--viously 
aescribed requirements f o r  the  desi(;n and construction of the  various e1c:;cnts 
comprising t h e  I k t a  M~nagcmcnt Subsystcrn. 

3.3.1 Subsystein Elcrncnts. - Thc follaring subheadings describe those 
elements, which, whcn i n t ~ ~ c o n n c c t c r l ,  rrovidc the capab i l i t i e s  and ncet t he  
requirelncnts f o r  t hc  DidS outl ined i n  prcvious paracrapils . The " S r i t c h i n ~  Katrix" 
routes  incominz measurcmcnt data  t o  various display and recording devices; the  . 
"liiission Timer" providcs c i t i lcr  niss iol l  o r  real-time display and clocl: s ignals  
t o  other  equipment f o r  systcn timinz; t hc  "Processor Keyboard and Display" 
provides operator comnunication with  t hc  system computer; the  "ih.mcrical &ta 
E n t ~  flritchcs" f a c i l i t a t e  en t ry  of numerical t ~ c  data  obtained a t  the  BPA, 
e t c  .; tine "S t r ip  Pr inter"  providcs hard-copy of pos t - tes t  data;  the  "Four-Cilannel 
CITT" provides v i s u a l  display of analo,: measurencnt data; t h e  "Video ~qu ipnen t "  
provides data  handling f o r  v i s u a l  infomation;  tne  "Dig i ta l  W t a  Display" provides 
readout of measurement da ta  a f t e r  dic;ital processing; the  "Computer a d  Dig i ta l  
~ e c o r d e r s "  provide necessary da ta  dcrivatio:~,  corLipatat ion, recording, and ove ra l l  
automatic control;  the  "Analog Tape Recorder" proviCie3 a p c m n e n t  record of 
incoxing analog signals;  t he  "Pen Recorders" provide both a real-time display and 
pe-ent record of incon~ins, o r  re?layed, malot; data; "Sofbrare" provides tne  
requirements f o r  the  corfinuJ~er progr?xi:zing; "3Iulti;~lexer A/D and D/.\ Converters" 
describe Yne rea-uirexents f o r  ecpipxent t o  sample aralog s ignals  and convert 
them i n t o  a d i g i t a l  I "o~ ,mt  f o r  computcr u s q e ,  glus conver"bin,.~ d i g i t a l  data 
back i n t o  annlos da ta  f o r  display on the oscilloscope o r  pen-recorders; "Dccoder 
Encoder" describes equiyx:.cnt r~qui rc i r~cnts  v i t h i n  the Es:S c iec i~n  t o  (1) accept 
d i sc re t e  inputs and encode them f o r  the  computer o r  (2 )  conycrt (decoce) d i g i t a l  
s igna ls  from the  coxputer f o r  d i sc re te  outpdts - t ~ r o  exmples  of these functions 
a re ,  respectively,  encoding of behavioral keyboard responses a d  decoding of 
alam signzls  f o r  the  D24; "Tarer Supplies" describe the  general  ?mer  supply 
requirements f o r  t he  D.1S; and "Calibration EquiFentlr describes the  de ta i led  
requirements f o r  a ca l ib ra t ion  uni t .  

3.3.1.1 Siritching I'latrix. - The f o l l ~ ~ r i n , ;  a re  bnsic requirexents of the  
s ~ i t c h i n g  matrix: Incoming data  l i nes ,  wiiich may have aiiy of the  s ignals  
described i n  pzrtigranhs 3.2.1 or  i n  so:ne cases a co~~b ina t ion ,  must be routed 
f i r s t  through 1 2 / ~ e c o r d / ~ c ~ ~ ~  s r~ i t chcs  t o  the  dif;ci-ential inputs of 12 
channels of a 16-channel 2en recorder. As btristcci-pair l i n e s  w i l l  be used f o r  
noise reduction, 12  d i f2e rcn t i a l  so l id  s t a t e  w i t c h e s  a r c  rcquirec. Tnis saxe 
s e t  of switches mus5also bc used t o  route the  r ia~ne t ic - tape  recorder ~ laybac l r  7 

output t o  the  pen recorder (16 channcl) during a Rc-rm, node. These 12 so l id  
s t a t e  4witches a r e  required t o  be b posit ion differential sditches t o  accomodate 
a l l  the  various inputs presented i n  Ap~~ndix-A,  m a  t o  provide a ca-wbili ty f o r  
S ~ t - ~ e  eqcinsion . 



h e  the nceu t o  ma in t a in  b ~ l ? ~ i l ~ ~ ' c i  li.lcs, <L??:,'. ~ ~ ; - . p l i ; i ~ r  :olLahpinl; a. z i n g i e  
ended w n c t i c  tcpc j?lc2;r~acs ouLouL I r i l L  n%vc EL c! i f r"crcr~t ia i  o~coui;  as a drive 
source t o  the c l i f f e y c n t i ~ l  iiecordj:?e:2in solic-stn-te niitcher;, P o s " c ~ ~ 1 i f i e r s  
on each of the 1 2  cl~a~nr?cis oL t h o  pen recordcr a r c  used t o  drive 12 channels 

of t he  r rqne t i c  tape rccordcr, i n  th? Record node, t o  provide a balanccci ni;h 
impedance input.  Referring t o  Fig. 2, it can be seen t h a t  t he  sri tcnin;:  m t r i x  
must a l s o  provide appropriate n r i t c h i n ~  t o  route data  inputs, and rerun signals 
from the  magnetic tape recorder t o  t hc  f o l l m i n g  inputs.  

0 The 4-channel var iab le  persistence oscilloscope 
0 The 2-channel pen rccordcr 
0 Channels 13 t o  16 of the  16-channel pen recorder 

In addit ion,  t hc  output of four  d i f : i t a l  t o  malor: converters a r c  rcq i~ i red  t o  
route da ta  t o  channels 1, 2, 3 and it o f %  u i s  of the  oscilloscope and t o  other  

items i n  p a r a l l e l  with these channels, including cer ta in  d i sc re te  nnalog meter 
readouts. One addi t ional  rcquiremenC i s  tha t  timing t r ack  i n f o m t i o n ,  which 
is recorded on channel 13 of the  m ~ n e t i c  tape recorder must be routed t o  
channel 4 of t he  oscilloscope during rerun. Four s e t s  of 15  posi t ion 
d i f f e r e n t i a l  s o l i d  s t a t e  s r~ i t cnes  t r i l l  be provided t o  accomplish this. Twelve 
of t h e  inputs  a re  i n  p a r a l l e l  and obtain t h e i r  ingu-bs Iroa the  f i r s t  12 channels 

of t h e  pen recorder (16 chznnel) i n p ~ t .  The 13th input of the  st.ritch s e t s  
receive s igna ls  f r o n  the  D/A converters 2nd the  14th input of the  4th s e t  
receives da ta  from the -chin& t r ack  of the  t a p  recorder. The rcrmining unused 
inputs  provide f o r  future e:r,pansion. This requirement f o r  four s e t s  of switches 
permits conplete f l e x i b i l i t y ,  so t h a t  any of the  4-channels of the  oscilloscope 
and items i n  p a r a l l e l  wi th  it may be wi t ched  t o  any of the  12  in-t l ines ,  thus  
accomplishing a l l  GIRT options r e q ~ i r c d  i n  Appendix A .  U a i n ,  i n  order t o  ntaintain 
a balanced system, i so l z t i ng  1:l d i f f c r c n t i a l  input d i f f e r e n t i a l  output 
amplif iers  a r e  reqlxired a t  t h e  oscilloccope inp'dts t o  channels 1 t o  4. A s  one 
s ide  of t hc  oscilloscope input i s  grounded t o  t he  f r a e ,  t he  d i f f e r e n t i a l  output 
prevents a ground loop problem within the  syste~n. 

Sol id  s t a t e  switches of the  140s l"j5T type w i l l  Se r e w i r e d  t o  m i n t s i n  a high 
impedance open condition. The switches, f o r  vaintexance reasons, w i l l  be mounted 
on a mother board and be driven wi th  I/C a i g i t a l  c i r c u i t s  that w i l l  be comon t o  
o ther  d i g i t a l  log ic  i n  the  system. 

3.3.1.2 Mission Timer. 

General. - The mission t imer w i l l  be located on the  PZLF.1 console 
f r o n t  and w i l l  be used t o  v i sua l ly  asce,-tain mission t i n e .  Its electronics  w i l l  
a l s o  provide logic  leve ls  t h a t  m y  be swapled .oy the conputer f o r  t i n e  calcu- 
l a t  ions . 

Logic. - - The mission tL ie r  logic  c i r cu i t ry  t r i l l  co& ddarn a c r y s t a b  
o s c i l l a t o r  t o  p o v i d e  3CD out2ut t o  the  co;nputcr, vhen s z q l c d ,  i n  ' ~ r o  modes. 
One mode w i l l  rend ou% mission tirne i n  hours, ~ L n u t c s ,  m a  seconds u~ t o  23 hours, 
59 minutes, 59 seconds i n  BCD Pornat and then repcat. Upon interrogction,  the  
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%Lac will be t rz~zs icr rcd  t o  a 22--r1it ,)ortioil (JL :z ; i I , - 'u i t  r@,,istr-'r, In. ti,e 
second mode, the t i i ~ c r  r . i i . 1 1  rlzaci oir i, i n  ~ m i t  r i n d t c . ; ,  tens or r,cconCs, unit  
seconds, %enths of scconcs, i ~ m C r c , , ~ h s  oi' sccci~us,  r:i1liccconcis, tenths of 
millisecondo anc i  hun&cc?tlis oi" m;il~scco.:dc,. 'Upo.~ i n t c . r r o , - ; : ~ t i ~ c ,  tne t ine  
w i l l  be t r m s f e r r e d  t o  BCD i'omdt to a $?-bit rc:;ister. Tae :%-bit r eg i s t e r  
w i l i  be used t o  2rovidc tir2i.n~; data  t o  the systein computer. 

Display. - The v i sua l  display w i l l  continuously read out hours, 
minutes, and seconds u~ t o  23 hours, 59 miautcs, 2nd 59 seconds, and then repeat, 
regardless of the mode used Tor the co;xputer input. 

Controls. - Front pa321 controls w i l l  be rca2dred t o  c l ea r  the 
mission timer registcl-s and rese t  ti:cm t o  zero. A Iiolcl-Run control w i l l  be 
required t o  cause the timer in t e rna l  clock t o  be disabled o r  enabled. 
Additional controls on the f ron t  panel w i l l  be required t o  advance seconds, 
minutes, o r  hours t o  allotr prc-sett ing t i n e  t o  some specified value, such as 
real-time. 

Accuracy. - The c rys t a l  o sc i l l a to r  frequency source w i l l  have a 
long-time accuracy of - 4 .01$. 

Flaintainability. - Circuit  logic  f o r  the  l.lission Tiner w i l l  use 
d u d  in-line packaging and w i l l  be mou~ted on a moaer  board f a c i l i t a t i n g  
removal of the  individual dual in- l ine pck&2es f o r  rcphcernent, if  necessary. 
The c rys t a l  w i l l  a l so  be niounted on a pin-type 21%-in board which will mount 
on the mother board. 

3.3.1.3 Processor Keyboard and Display, 

~e board - The processor lceyboard w i l l  be s imilar  i n  design t o  
y+; the Apollo lteyboard i " ~ .  3 ) .  Vcrb and noun keys w i l l  enable t h e i r  respective 

reg is te rs .  Each reg is te r  w i l l  then scquentially receive two BCD nmbers f ron  the  
keyboard. These BCD nurisers can eit l icr be encoded mechanically by keyboard 
w i t c h  contncts, o r  by a logic  c i r c u i t  encockr, ciependiri~ on f i n a l  keyboard 
switch select ion.  Yie ELTfR button (can be a s inz le  contact closure) w i l l  t r ans fe r  
the respective Vefo and IIoun reg i s t e r  &aka t o  the c o q u t e r .  A PROGW.1 d i s ~ l a y  
w i l l  sha? t'ne l a s t  entered NOUiJ n u ~ b e r  trhen the computer i s  ready. A storage 
r eg i s t e r  f o r  the  Pr0gra.q ~ u d o e r  must be provided. A t o t a l  of 24 storage f l i p -  
f lops w i l l  be required f o r  the  6 nrurersls displayed. 

The CLR button (can be a single-contact closure) w i l l  c l ea r  a l l  PBD4 regis te rs ,  
except the  ldission T i ~ e r .  

Iceyboard Display. -- - The !*:cyboard display w i l l  consist  of two t m e s  
of displnys . See lig . 4. Yne Vd?? i<CUT;.i and ?r?,CC-LZt'i/i displays w i l l  be inca~descent  
lamp types, using nmerals  only. C;~r?rctcter h c i ~ h t  : r i l l  be 3/e inch. A t o t a l  of - 
six 16-pin dual in- l ine decoders will be required f o r  the 6 n ~ ~ ? . c r i c  dis2lzys. 
These w i U  be mounted on a Ci.3 ~ o t h c r  5oaru w i t h  other s ~ b s y s t e z  logic  c i r cu i t s .  

The s t a tus  l i g h t s  w i l l  be back-Plluxir,~'ied incanc?cscent laup dis?lays, 'tr il'n 2 
larnps p r  display Por sclia-oili-ty. T'nilrc a re  3 s-xre d i s ~ l z y s  Par fut=e 







i - * 
e::fiwlsion end/ or  i.iotLi;ied iimc t i G,I ; ;,i[iA L 5 : r i J - l  LC-- i l l ~ ~ x i n ~ z . t , ~ -  , r ~ < ; n  t,iLq 

3 ,  " I - 
conlputcr i s  i n  .tnc calibrr~te m o c k  . I rr; ill i. i irinttd T i ~ ~ i ~ ! ~  zhc crj: !_i-~tcr 
i s  in se l f  -.chec:c r,ioiic, :;T1jTj! is ill, , J  11 ~ c u  d.,'tcr :1','3i' button : ins bcnn _r, lsr,?~!, 

on t h e  ]reyI~)cra the  z'irst tLr.1~ a112 i,i:icnicr, a ready o r  idle ir,oCc, "(Jj;;? ,tr:','yu 
is  illuminzted ~rileil *he compu-cer ii; in o::t-ra';ion iloi-ri; cnlc,:bat;ions, s t o r i n < :  
programs, e t c  . ; "ZXP IZCTY" i s  illw?inzter~ wilctl e x p c r i ~  ~ental !nr:as lre,n,c;, t s a rc  
being made. "FS3T12IITu i s  ilhrninn,-l~-.il any t h e  a procrarn c r ro r  occurs and the 
p r o p a n  must be rcloaclcd, or  rcsiar tc~! ,  by ;ncails oi" thc ;;c;.bosrd. ":,"Y PX," 
i s  illuminated during the t i x e  t h a t  thc :'3, ,", and ,;5. Digi ta l  Dcta di;_nlays a re  
being used by the Iczybonrd t o  enter  n l~ner ica l  iizta in to  thcx and, s i lb scq~en tP~ ,  
the compdter. It w i l l  remain illii7;inatcd m t i l  t . 1 ~  IV,Y iUL button on the keyboard 
i s  depressed returning thc use of the Dis i ta l  Datz displays t o  t h e i r  norm1 function 
of data  readvat. "OPR ERR" illuminates trhcn an c r ro r  occurs i n  the cox2uter 
operation o r  keyboard usage. The "1TU.I DATA" dis2lay is i l l~unica ted  when the  
computer i s  i n  a mode t o  receive data from the  thwnb.rhec1 nuxerical data  entry 
switches. The program t o  i n i t i a t e  t h i s  mode i s  entered i n t o  the processor key- 
board p r io r  t o  use of the  numerical data  e;lCry switches. 

3.3.1.4 Numerical Data Entry 3ritches.  - The nuxerical data entry function 
trill require 17 thunbrhcel ("aigiz-dial") sritcizcs, an Znter b-atton, a Trint 
batton, a Clear bukton, a Record Button and a Dzta Acccgtcd 2is2b.y. Tne 
thumbvheels w i l l  have 10 posit ions (;or nurncrals 0 tnrou;;h 9) and o x t p ~ t s  i n  a 
BCD f o m a t .  Each s r i t c h  ? r i l l  have four  output terminals, nai.berea 1, 2, 4, &-ad 8, 
and two separate levels ,  grounci and 45 V K .  T'ne l a t t e r  %ro t e m i n a l s  a re  never 
shorted together,  e i t h e r  d i r ec t ly  o r  t h r o x ~ h  the output terixinals. The output 
t e m i n a l s  w i l l  be zit  e i the r  +5 VDC o r  eround; there  w i l l  be no non-active or 
"floating" posit ions.  Fig. 5 i l l u s t r a t e s  t h e  rccpired output coding, and the  
funct ional  assignment o? each thmbrheel  . 
The balance of the  controls i n i t i a t e  the following f>mctional  operations: 

0 "EITTEEI". This button not i f  i c s  the  c o z p ~ t e r  that data displayed on all the  
thumbrheels can be entered in to  the co;npi~ter p r o c r a .  . 

0 "PItDIT" t h i s  button n o t i f i e s  thc coaguter or  2 r in t e r  d i rec t ly ,  t o  provide a 
se  g e n t i a l  hard-cogy printout (with appropriate s p c i n g )  of the i i ~ e r a l s  
indicated on the  th-mbcrhcclc . 

0 "CLJ3A.R". Tnis b ~ t t o n  no t i f i e s  the c o r ~ u t e r  t o  lsnore, a i d  c l ea r  i t s  input 
r eg i s t e r  of %he last l i n e  of aa ta  entered therein.  

0 "RZCORD". Tnis button no t i f i e s  tne cox.@er thitt the data obtained fro= the 
DrT'2R s i ~ n a l  i s  va l id ,  and can be rccorded or  operated on. 

0 "DATA ACCE,"rEDH. This display no t i f i e s  an operator t h a t  the & a x  received 
as a re su l t  of an XT'TER f.unction, o r  a. PdCOiiD lunction has been received 
by the  coxquter. Tile disylzy should r e m i n  i l l u i n a t e d  approxi-ately 1/2 
second t o  s igni fy  acce2tance. 

a - 3.3.1.5 S t r i p  Printer .  - A sln~~e-colu":.n stri;, p r in ter  will be r e q d r e d  
t o  provide print-out of a 64-character font -nur;~crzls 0 -9, nl?;?abet A-Z, '% 

punctuation marks, a s_mce, various sips ac? syzbols, Tne 2r in te r  w i l l  
p r in t  a t  an average of 20 characters per second w i t h  the  printout q ~ s a r i n i :  



0 C;! D I GlD 
b +- 5 GilD 
2 GlTB -I-  5 
3 '5 '- 5 
4 m u  GKD 
5 ' 5  GITD 
6 GiTD 4- 5 
7 +5 -I- 5 
8 G31 D GIID 
9 '5 GTID 

I * 
r-  - -  

i;;;;, 
G;!D 
C 2 D  
GiID 
GI! D 
GND / 
' 5 

FUNCTIOI? 
ASTRO ID'IJT 

I t  I I 

m y  
DAY 
DAY 
TEST T E E  
TEST TII I% 
TZST TRAl3 
TEST TDJE 
ORG SYS 
TEST NO. 
TZST $10. 
TEST VAIg2 
TEST VALijS 
TEST VAIUE 
TEST VlldLJZ 
TEST Vm 

r n C T I O ~ ~ A L  ASSIGT.34EI~IT 

FIG. 5 



si lr ir t l~ alon; a l ip"- i r  Lac ir, ?<:cC- - : b ~ ) )  , o.?ur Csb.,c, YL:c cl~,~r*:,c:* ,- U - p - - J  l r-iiiU - - 
be 10 cnaracters p e r  inch; icitc;r, oL' ~ ~ , c :  :~.Lrj~;a..)~t w i l l  DC c ' T - J L c ~ . ~ L ; ,  

0 .LOO" hisil s 0 .&5" rri6.c. Tlrc r? :(io~t 'giLi bc :>ri  tin the cilrtrrtcters ver'iicel 
=:is perpendicular to t l ~ c  Lon&iLua.~n:~, l  ?::is oC Cbc iJ?,pi?r ~ t i * L p r  Tn2 p5~x2r roll 
stoclr w i l l  bc a t  l e t ~ s t  200' L o i i ~ .  I i l L ~ d t  to the  printer srill be accc i~ ,~ l i shed  
with a 6-b i t  "cruncatcd ACCl-1 code, c z ~ i c i  a print co.,l;n;md. The 2 r i r i e r  ail1 
provide two output s ignals  , one 1inj.c t l  incl icatcs  timi; tiic pr in ter  i s  s r in t ing ,  
and one which indicates  tha t  the  priiltout i s  co:npleted. 

Power Requi remcni; s 

0 105-125 VAC sifiglc phase, 0.22, 6011~ 
0 15 VDC + 10:: regirlat ion, 6. Ll 
0 26 VDC + - I$ regulation, 0 .$A a v e r a ~ c  

Mechanical - The pr in ter  t r i l l  be nlo-mted on tile f ront  of the  m3D4 console, such 
t h a t  the  printout may be cas i ly  reaa. The pr in ter  w i l l  rncnt standard com.ercial 
specif icat ions but w i l l  be f a i r l y  s 1 ~ 1 1  size,  appro;:innt..l;j 3/16 of a cu. ft., and 
w e i a  approximately 11 lbs .  

3.3.1.6 Four-Channel Cm. - A four-channel oscilloscope, with a variable  
persiste.ncc screen, i s  required t o  present the various simultaneous analog 
travef oms  specified i n  Appendix A ,  "!~ieasurement Display Requirements " . 
The oscilloscope t r i l l  have individxal s tcp  acd vernier  gzin controls f o r  each 
input channel, with an input select ion of X, AC, o r  GIID. The GI;D -wsition 

. w i l l  disconnect the  inyut s i ~ n a l  and g r o u d  the  mlpl i l ie r  f o r  reference. Zach 
chmnel t r i l l  have a posit ion adjus-t;:nenC control and a channel ident i ty  ~ u s h -  
button tha t  causes tine selected cnnnnel t o  displace i t s  t r ace  by ap?roximtely 0.5 
divisions.  Input impedance t o  each channel w i l l  be appro2:imte>J 1 ~nego'm 
shunted by 25 pF. Versa t i l i t y  i n  =odes of o p r a t i o n  and t r iggering r~odes (with 
off channels being skipped) w i l l  be required. Each chamel  w i l l  have a wide-band 
width input capabi l i ty  (0-50 :.Elz when DC cou?leC, 10 iiz t o  53 iGIz when AC 
coupled) and a mimu.n input mpl i tudc  ca?a3bility i n  excess.of - + 150 V. 

The CRT t r i l l  have a variable persistence c a p ~ ~ o i l i t y  of f ron  l e s s  t'nan 0.2 seconds 
t o  more than one minute. It > r i l l  hale a Store node which v i 1 1  p m i t  t races  
t o  be stored f o r  up t o  one hour and an Xrcise control t o  C12aT the t ~ a c e .  m e  
C8T t r i l l  be capable of z %:is rn~?~ulat-ior, t o  I'acili$aJce 3-diaezsional presentations. 
The CRT w i l l  have a nreep r ~ n i f i e r  of Xl, X 5  and %la, plus %fee:, control ( s t ep  
an6 veriner) t o  provide a r a g e  f rorn 0 . 1 s j i i v  . $0 53 msldiv . The CX' w i l l  
have zn i n t e rna l  ca l ibra te  s ignal  or" sppro::irrately 10 v ?~-_nk, Lr, the f o m  of a 
1KHz sqmre ?rave. The ent i re  oscilloscoge element with a??rop5.rte pix-ins, 
w i l l  be designed f o r  racir mount in^, an6 w i l l  Zunction witinin in?ut pa?er source 
of IJ.5 v o l t s  + 10s over a frequency o i  50 t o  ~t00 Hz. It ; r i l l  use l e s s  than U5 
watts oil' p ~ r e F  f m n  a noma1 l i n e  soarce, when convection cooled. 

* 3.3.1.7 Video Equipt~ent. - 
Befinition. - The 3733 M3IS vliieo/xicroscop equip,~ent i s  reqyired 



.,,.,tuc,.;l:,i" i.;;cLlzii.cncntr, includc f o l l c ~ i r ~ ; :  categories : I;iccsurer;lcn-ts . - i dcC8  ,'. - 
0 Hcmatological Mcasurcmcnts 

Rcd blood c e l l  count and morpholo,y~ 
White blood c c l l  ui i ' iercnt ial  count and morpholog 

0 urine Sediment 

0 Micrcbiology 
Body microflora cultures 
Environmental culturures 

0 Wet size,  color, and consistency of feces  

0 Behavioral Testing 
Complex ?atterns 
Time and Motion Studies 

Sensing. - TWO in>ut sensing devices w i l l  be required; a clicroscope 
=d a TV camera. Yne microscope w i l l  be a small, ilzncl-held, portable unit ,  
which m y  be renoved from -the P3is.I console t o  chznge s l iues ,  obse,me the  s l ide  
context, se lec t  r"ield(s) of view, and i n i t i ~ l l ~  focus the m i c r o s c o ~  before 
p l a c i n ~  it under the  canera t o  disnlny spccinen s l iue  infonnation ax lGOX 
w n i f i c a t i o n .  TV cruncra, i n  addition t o  s e z s i n ~  ireages f roa  t'r~e microscope, 
w i l l  be capable 02 being inovec t o  an external posit ion above the top of the 
console so 'c'nczt it may be used t o  inage and record movenents of t e s t  subjects 
f o r  t h e  and motion studies,  e tc .  

Recording. - A video tape recorder (STR) w i l l  be r e q ~ i r e d  t o  interface 
with the TV canera f o r  recording of specixea infomation, and t h e  =ci notion 
studies.  This recorder w i l l  be ctzpriole of one nour of continuous viaeo 
recording, and w i l l  contain a stop-:notla? c a - ~ a b i l i t y  f o r  fraie-by-frme analysis 
of the recorded i n f o ~ n a t i o n .  The V'i'B w i l l  a l so  accc2t audio s ignals  t o  permit 
visual i r r i e  ident i f ica t ion .  Audio interface w i l l  be 1r2de v i t a  the PBDJI audio 
equipment. 

Display. - R 5" TV monitor w i l l  be required t o  display im"orirztion 
from the  Tir canera VTR. Tile monitor w i l l  be prinaril;. used t o  es tab l i sh  
the  ?notographic qua lit^ (resolution, contrast ,  and context) of the s-xcirnen 
sample slicies, p r ior  t o  recording thc :~  on the VTR. It w i l l  c l so  be used f o r  
establishing ~iiotograghic qual i ty  02 l;nc subject bef ire  recording t i r e  and notionq 
information. 

Interface 

Cmera - TI!?, - Moni"io hbn l cace .  -. A reno-~e c o n - ~ r o l  panel. : r i l l  be required f o r  
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insi;all_ation in .tile PGIi.i, and. w.i.i.1 conj;;~i;l  LT~!~I,cIII:s ' j ; ~  <?.cij7~:~tc i;:,i: Z 0 1 l , ~ ~ , r , l i r i ~  
" " . .  1 :  $ 8 ;  >,,?,, i p < , * !  . : : * -  VTR h'lnctioils: "on-of;"', "ilccord", , ,;LG;, , A t ~ , .  A Ad ~ r ~ c j .  lipad Zijcyd1' a 

Tile "~icrtd Sped"  I ~ l c - ' i i o n  u ;  ; i ,  ' v l l ~ f r ~ i n  <;kc t a , ~  
. ' i s  s-i;oi)ped, j ~ t  .&11~ n c l i c a l  sea11 Y i i j  x .L:~,Li i~, ;  h t \ ~ c  LS .:" .,t ~p;~( ; l  'GO p - 1  

and dis2lzly only a. s ing lc  i?:'r~c.ic oi' vlic~r c;i" o; tilct ilo~;,~a.L I;rJ--f rrtncs per seccnd. 
This f ~ c t i o i l  w i l l  be zscu 101- time Xiic?  i.iotion mzllyois tlnu t o  cila.Llc 
instani;aneous r c c o r d i n ~ ,  ra ther  than :rziti.n;; 5 t o  123 scconds f o r  tk.2 nea6 t o  
come up t o  syeed before recording as noxially occurs wilcn only the "Record" 
switch i s  act ivated.  A p l q - i n  c jb le  w i l l  be r e q ~ i r e d  f o r  interconnection 
between the  various control  ac t iva t ion  poiizts on the  VTR and the  6 switches on 
the  rcn~ote control  panel. 

Cmera - Microscope Interface.  - Thc in tc r facc  bctrircen the TV camera and microscope 
i s  c r i t i c a l  because of the  op t i ca l  spacine and a l i ~ ~ e n t  t h a t  must be maintained 
between the  2 instruments. This 7osit ioning t r i l l  be determined by an cnp i r i ca l  
evaluation of the  op t i ca l  re la t ionsh ip  bebrccn the  4 x f i e l d  lens  of t h e  microscope 
and t h e  one-inch l ens  of the  camera. The configurational design of t h e  FBB 
console w i l l  be such t h a t  reali,pment of' the  2 instm;ncnts, d t e r  using them 
independently, w i l l  a u t o m t i c a l l y  be accomplished when they a r e  locked i n t o  
t h e i r  operating posit ion.  

Camera - Blicroscope . - A 5" x 1," x 1:;" (1.liX-1) microsco~e and a 5-5/8" x 10-7/16" 
x 4-1/4" TV ca?erz r r i l l  be no~mted ins ide  one of t he  lower bays of t h e  FBB. Eqey 
w i l l  be a f f ixed  t o  a t e l e s c o g i n ~  f i x t u r e  so 'chat they m y  be pulleZ up f ron  the  
bay and then replaced (out of the  way) 'when not i n  use. Tne microscope w i l l  be 
capible of e a s i l y  being renoved from i t s  m ~ m t i n g  bracket f o r  ranual  access ib i l i ty .  
Replacement w i l l  cause an z~torna t ic  in te r face  w i t h  the camera t h r o ~ i :  t'ne con- 
f i gu ra t ion  of Ync mounting f ix tu re .  The cmera,  i n  addit ion t o  interfacing 
wi th  the  microscope w i l l  be capable of exf,ension u? and above the  t o p  of t he  
FBB console. it can t'nen be locked i n  place a2d p.inned and t i l t e d  by the  console 
operator t o  observe and f o l l a r  subject  movements Tor t h e  and motion study. 

Video T a p  fiecorder (VTR) and Rmove Control Panel. - A 18-1/8" x 11-?/8" ,: 
15-3/11.'' VTR w i l l  be renotely locate6 with a czble connection t o  i t s  control  
panel. Tne s i x  o_oerating functions w i l l  be ac t iva ted  by p s h  hrbton switches 
on the  panel which w i l l  be i n  a posi t ion adJacent t o  the  5" nonitor.  The 
VTR ' t r i l l  be located so t h a t  the  tape r ee l s  and record heads a r e  e a s i l y  accessible 
t o  f a c i l i t a t e  changing tapes  and cleaning heads. 

Monitor. - A 7-5/8" x 7-1/4" x lk-l/4" nonitor t r i l l  3e ~ o a n t e d  i n  t'ne FBB console 
so t h a t  the  operator m y  e a s i l y  vie11 the  uisplayed infol";r~tion; ~ r h i l e  performing 
h i s  other  functior,s. He w i l l  have access t o  t he  renote control  p n e l ,  while 
viewing t h e  monitor, t o  e s t ab l i sn  image q ~ a l i t y  p i o r  t o  r e c o r d i ? ~ .  

1 
Elec t r i ca l  

Camera. - The TV camera w i l l  opcrcz'cc on lg v AC and consume no nore than 12 watts 
of power. 



I,Aicroseopc . - Tnc ~l icroscopc w i l l  rc-cjiiti-c: 0 . j ~  1;C: znu no r,:orf: 2 t r ~ t t i ;  of 
parer.  

Video Tape Rec~rde r .  - Tne VTR :rill operzte on Il'lvAG and c o n s m  no nore thaa7. 
&I watts .  

Monitor. - The 5" monitor w i l l  opcratc on l l 7 v  t lC and consuxie no nore than 125 
watts of povcr. 

3.3.1.8 D ig i t a l  h t a  Display. - 
EIechanicrzl. - Incandcscent lrtrfip projection t ~ n e  readout w i l l  be used 

f o r  t h i s  display.  Pig. 7 s h ~ r s  general  or;:anizcltion of the  Dig i ta l  Oata display.  
A l l  d isplays  i n  C o l m s  1 t h r o u ~ h  6 v i l l  be 24 character types with  character  
heights  of 3/4 inch. Columns 5 through 3 w i l l  contain only numerals 0 through 
9, plus  a d e c i m l  point .  The decimal point  may be displayed simultaneouzly,with 
t h e  numeral, and t o  i t s  l e f t .  Column 4 w i l l  contain nu-aerzlr; 0 through 9, plus 
decimal point ,  p lus  13 other  spec ia l  and alpha cnaractcrs.  Columns l t h r o u *  
3 w i l l  contain a se lcc ted  combination or" up t o  24 alphanumerics i n  accordance 
wi th  t h e  display requirenents i n  Apwndlx A. A space is  indicated between 
co lums  3 and 4 as ,  i n  nost  cases, calms 1 t o  3 w i l l  describe t h e  majori ty 
of ident i fying in fo rmt ion  ( f o r  example El, RR, C02, e t c .  ,) P o l l a ~ e d  by t h e  
numerical da ta  i n  colwins 4 t h r o w n  8. 

Decoders t o  operate and dr ive  t h e  Dig i ta l  Ortta display w i l l  be 16-pin dual  in - l ine  
plug-in paclraged, and w i l l  be moimtcd i n  a mother board, r1oc.g with  other  d i g i t a l  
c i r cu i t ry .  Plug-in un i t s  w i l l  provide .easy replacement, i r "  necessary. Tie 
displzy w i l l  be mounted as a u n i t ,  and wired with one o r  more cables,  a s  re -  
quired. ~ a b l e ( s )  w i l l  have plug(s) which w i l l  21% i n t o  t h e  r e a r  p a e l  of t he  
mother board assembly. 

E l ec t r i ca l .  - Each display i n  coluws 1 t h r o q h  4 ( ~ i g .  7) w i l l  
require  a decoder capable of decoding a 5-bi t  input t o  1 of 24 octp'dts. For t h i s  
purpose, 3 i a e n t i c a l  10-bi t  decoders w i l l  be used, plus txo 2 ir,pat OR c i r c u i t s .  
For columns 5 through 8, a s ing le  4-bit  input t o  1 out of 10 output decoder w i l l  
be used, p lus  a s ing le  d r iver  c i r c u i t  f o r  t h e  decimal point. 

A 5-volt source (comon t o  a11 log ic  c i r c u i t r y )  t r i l l  be used f o r  t he  decoders, 
znd a sepzrate 5-volt  source w i l l  be used f o r  t h e  lamps. Approximately 3 asps 
w i l l  be required f o r  lamy, parer.  

Each d i sp lay  element i n  columns 1 through 4 ( ~ i g .  7) ( toka l  of 20) w i l l  require 
5 f l i p - f l ops  per  dis2lay elenent f o r  storage.  3ach display elenent i n  colums 5 
t h r o w h  8 ( t o t a l  of 2% w i l l  require 4 r l i p - f l ops  Fer element f o r  storage.  A 
t o t a l  of l&l f l i p - f l o p s  ere ,  therefore, requircci f o r  t he  e n t i r e  Dig i ta l  Bta  
Display s t o r q e  require:ncnt. Using 16 pin dual i n - l i ne  p c l a g i n g  wi th  4 f l ip - f lops  
per  ~ c l a g e ,  w i l l  require  a minimum of lr.5 rnohles.  

3.3.1.9 Comydter and Di; : . i ta l  Recorders. - As ,reviousLy ncntioncci i n  
paragrsphs 3.1.1.6 "Processing!' f7~'1cticins, and 3 -2.2.3 "Conputer and Dig i ta l  
RecorcZer" in te r face ,  the conpakr  mci d i g i t a l  r e c o d e r  TJ-ill ~ir:~uiz-te f l i$lt- type 
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. . -  , eq-uips,cn-t, azd tccilniqucs, anr: ~ . : l . i . L  i ) r" i?~!; j i : ; i .~~lu rc!.:ovetl fro:? th.r: 732 con soles . 
1nt;ercomecting cables bcixcrtn -L!ic c(.)!n?i;ti:r znu the r'I;Z.: station w i l l .  ;7r07rFce 
4 . 1  necess : r ? ~  electrical in';crc3ce .. Coi:,~.-;~i.crj:ticin :.iiLh the co:.:i_;;t,i:r w i l l  be 
acco;n?l.ished i;k~l-o*z,;ll .til(: C O ~ ~ ~ L ) I ~ - L C ~ ' C ;  "IC)C:~.L ccir,tl-oin, :;);.L>cL' t2p5 TCZ~.C~, and 

-7  . tc1ct;ypc w,it; a n d  i i lo  IJ$i,; 9rocc:;so;. :;c;fi;unl.ci. anti u..i;i;.i-Lc.1 l o ~ i c .  ,lncr: :a 
different col:lputcr bc 11scd by :I:\:;:\ I.l:;C, n :;cj,:?.rai;c r i i i ; i L a . L  Lo:!-ic intcs-face 
w i l l  be provided f o r  that; un i t .  Cc:;i,?lc:;c chcc;:out of this  sccondzqf interface 
w i l l  not  be accomplisl~cd u n t i l  3;Ltcr tile F7:lj i s  ins tnl lcc i  a t  t he  i~1~;C. 

The d i g i t a l  computcr w i l l  havc a rnin-ix~~xn vrord length of xi; b i t s ,  8,192 words of 
memory, a mininium cyclc ti:nc of 1.75 scc ., a hnr&rare mult i2ly and divide t o  
speed computations, lli- interrupts and 16 scnsc s;ritcnes. T'nc cora?i~tcr t r i l l  be 
provided wi th  a dii;itcll input/output cc ; )ab i l i ty  t o  providc d i r c c t  cor~nunication 
betwecn t h e  computer and nuiicrous c::ternal dcviccs. 

Thc com~uter ,  wi th  i t s  pcr iphcra l  t c l e t n e  s t a t i o n  and high-speed tape reader,  
w i l l  i n t e r f ace  wi th  two e.xterna1 d i f5 i ta l  rna::nctic tape recorders.  Fomat t ing  
of data  f o r  s torage on t h e  t a p  rccordcrs and subsequent reinoval, t r i l l  be per- 
formed by t h e  computers prosram (see  3.3.1.12 "Software" f o r  a further 
d iscuss ion) .  The rmgnetic tzpe recorders w i l l  contain 7 t racks  and w i l l  record 
at  45 i p s .  It w i l l  be possible t o  record c l ig i t a l  i n f o n a t i o n  a t  vcrj in,? 
dens i t i e s  of 200, 556, and a 0  bp i .  Fmc--ionzily,  one ta?c r e c o r d e ~  w i l l  be used 
t o  s t o r e  operating progruls,  while t h e  ochcr rccoruer w i l l  be used t o  s t o r e  data .  

3.3.1.10 Analog Tape Recorder. - A 14-ehzmel analog tape recorder 
( ins t rumenta t ion  type) w i l l  be used t o  sirnilate f l i ~ l ~ t  G,ZE.:S da ta  recording 

. requirements and i s  a non-deliverczble item. Tne recoruer, w i l l  'mve t-delve 
record/reproduce channels and two d i r e c t  record/reproduce chznnels wi th  t h e  
following de t a i l ed  c o m e r c i a l  cha rac t e r i s t i c s .  

Direct  ~ e c o r d / ~ e ~ r o d u c e  System 

o In$ut S e n s i t i v i t y  
o Nominal I n p t  Level 
o Input Lnpedance 

o Harmonic Dis to r t ion  

o Signal-to-Noise Ratio 

o O u t $ ~ t  Level 
o Output Impedance 

0 el5 v o l t s  t o  10 v o l t s  XTIS 

1 v o l t  ms. * 

20,000 o?r:t,s -~-l?b2lanced t o  gromO 
100 cps t o  250,000 cps + 3 db at 
60 i p s  l s r e r  sgeeds have groportional  
frequency response from 50 cps up. 
1 percent 3rd kamonic d i s t o r t i o n  a t  
1003 cps recorced at  60 i p s  
24 db 2t 60 i n s  
24 db a t  30 i 2 s  
24 cib at  1 5  i p s  
24 db a t  7- l /2  i?s  
211. CKI a t  3-314 i 2 s  
24 db at  1-718 i 2 s  
1 v o l t  ms i n t o  600 oh-s 

4 

Approxinately 100 ohrs i n  s e r i e s  with 
40 micro2 izrads . 



Q Input Sens i t iv i ty  - r 0 .o t o  lJ volts ria; f o r  !;O pcrccat deviation 
o TJominal InpLiJi Levcl 1 . z r  v o l t s  ,~crz.: 
o Input >apedance 13 ,000 olktls 

o Tape S,wed Ccnter iTrequcncy l?cz~onsc (7 )  ~ i ~ n a l / l i o i s  e &t i0  

60 106.0 !LC DC - 20 kc 1 6  
3O . 54.0 lcc DC - 10 kc 46 
15 27 .O i:c DC - 5.0 i:c 46 
7-112 13.5 kc DC - 2.5 !re ic3 
3-3/4 6.75 kc DC - 1.25 kc 38 
1-7/8 3.375 !LC DC - 625 cps 35 

0 DC Drif t  Less than 1 percent pcdi t o  peak deviation when 
telnperature i s  controlled within -I- LOOF i n  the  
temperature range of f rcrn 40°F to-125 OF. 

o DC Linearity ldithin 1 pcrcent of zcro centered s t r a i ~ h t  l i n e  at  
peakc t o  pea!: deviation ( 3 0  t o  60 i p s ) .  
0.5 pcrcent a t  lo\,rer speeds. 

0 Distortion Less t b  1 . 5  percent over specif ic  bnnzmss. 

0 Output Level. 1 v o l t  nus i n to  1,000 ohns (+ - 4.046 peak deviation) 

o Output F i l t e r  Adjustable f o r  f l s z t  ~'requency response o r  best  l i nea r  phase. 

o Rise Time F la t  phase 22 microseconds 

o Overshoot F la t  phase, l e s s  than 2 percent 

o Rise Time Fla t  amplitude 16 mxicroseconds 

o Overshoot F la t  amplitude, cpgroxixately 6 percent 

The analog tape recorder w i l l  bc mountci?c i n  i t s  own 70" high rack. A reaote control  
panel w i l l  be provided on the PB&I console t o  f a c i l i t a t e  operator use, anci nore 
closely simulate operational configurations. 

3.3.l.U Pen Recorders. - 
16 Channel ?en Recorder. - -4 16-channel pen recorder (zctual ly  bra 8- 

channel uni ts)  t r i l l  record 0-5V analog s icnals ,  DC t o  LOO cps, on zro s c s r a t e  
15" vide g a p r  s t r i p s .  Inputs to,the recsrcicr ainplifiers w i l l  be CiZferential  
with an in~xclance grezter  than 10" o>ixs. Tne outpct 02 the recorders p;-eznplifierg 
w i l l  be used a s  inputs t o  Yi?e analog r a ~ n c t i c  ta;e rccorder [sec 3.3.1.10) . The 
recording equip~cfi t  \ r i l l  'oe containcci i n  tiro ce,~arate rac~is ir-TU w i l l  riot be 
delivered with the i 3 B .  

2-channel Pen liccorricr. - A 2-channel pen rccordcr w i l l  be located on the E3D.l 



3.3.1.12 Softlrzre . - ik l i~ re ra .n l r  :,o, krarc \ r i l l  Se uc~rclopecl f o r  t h e  
b ~ - ~ : e e d  computer. :J'nere :)o:;sible, ; " ( J~~LL: ICC :rill ijc w r l t t c n  i n  basic Fortran $V, 
* - -  ~ a - z -  .I; i n t o  account Imcr,rn d i f  ;'cr..i-?ncc s bc twc:n t h e  ;rJ iSC comp:ztcr a ~ c !  tkc 2JASii 

LiSC computers Fortran IT?. IX~cimcntation w i l l  cons i s t  of opcratin,: i n s t r ~ c t i o n s ,  
prc;:-32i1 l i s t i n , y s ,  f l a r  diagraxs, and tlsta i(ol?:;xt in~01-,:a'tion i n  s i d l i c i e n t  d c t a i l  
t o  z;sist b p l c a i c n t i ~  t h e  sofbrarc  on t h c  i:!;SA co,nputcr. It i s  planncld f o r  t h e  
f o l l m i n g  rout ines  t o  bc w r i t  1;cn (adclitionnl rout ines  ray be idcn t i f  i cd  l a t e r  
as ~ q u i r c m e n t s  a r e  nore f u l l y  dcfincd).  

Executive Boutinc . - A corc-rcsidcnt e:cecutive r o i ~ t i n e  w i l l  be 
ente?ed on an i n t e r rup t  from t h e  D'IS Proccssor Keyboard. The executive w i l l  
i n t e z - p e t  keyboard inputs ,  load required programs from nmgnetic tape,  process 
intez-rupts, and handle a l l  t iming requirements. 

General Purpose Routines. - The following general  purpose rout ines  
and ?%rivers w i l l  be furnishcd; 

Computer s e l f - t e s t  a d  diaznost ics  
IIYD3U11S FBB console t e s t  and d i q n o s t i c s  
Analog ca l i b r a t i on  rou t ines  t o  derive requireti c a l i b r a t i on  i n f o m t i o n  
from t h e  var ious  harnesses and sensors.  
Alphanumeric p r i n t e r  dri irer  
D i g i t a l  d i sp lay  dr iver ,  wi th  options 
Analog matrix switch d r ive r ,  wi th  options 
Analog t o  D ig i t a l  i n p t  and multiplexer con t ro l  
D ig i t a l  t o  Analog Output 
Ihta recording on magnetic t ape  
Dzta conversion t o  engineerix/medical u n i t s  
Limit chec'king 
Data Compression Algorithms 

Behavioral Frograms. - Program w i l l  Se wr i t t en  t o  control ,  score, 
and zecord r e s u l t s  02 t h c  following Behavioral Tasks: 

Fa t te rn  Perception 
Arithnietic 
Probabi l i ty  b lon i t o r in~  
Tracking 
Audiometer Testing 
Vision Testing 
Rate of Gain of i n f o m t i o n  
Discrete Signal  14oni Lor iw 
Auditory :!onitoring 
Mediztional Processes 
Psychomotor Testing t o  incluue zhe follow in^ t c s t s :  



i\nn-ilc(t;nd s lc~diness 
1-lrist-fini;cr s:;ccci 
Response Oricntztion 

, ,~cnt S e e d  of A m  I;ove,- 
~viulti-lhmb Cooruination 
S ta t i c  Stren:; th 
Dynamic Strcng-bh 

Phys io lo~ ica l  l?ro;mms. - 1111 $lysiolor;ica.l data, rccei-rcu i n  e i the r  
analo@ o r  d i g i t a l  f o l ~ i  x r i l l  bc i.iauc ava.ilable to  tnc ca:ipu-tcr. Routines r r i l l  
be available t o  convert data t o  the nni>ronriatc cn~inccrin{; m i t s ,  record it on 
d i ~ i t r z l  magnetic tnpc, aiid ilis21ay r ~ ~ ~ ~ ~ ~ ~ ' ~ ~ G  T T ~ C ~ L S U ~ C S  on d i g i t a l  displays o r  the  
alpha-numeric prii i tcr.  Eats w i l l  bc chcc:,:cd against  tolerance l i n i t s  and alarms 
act ivated i f  the limits a re  exceeded. Cnlcldations of physiological p a m e t e r s  
such a s  average heart  ra te ,  cstimatcd cardiac ol~tput ,  lun,; V O ~ - L L ' ~ ~ ~ S ,  a-~crage 
respiratory rates ,  e tc . ,  w i l l  bc made and, iP  required, displayed on various 
devices. 

3.3.1.13 Multiplexer, A t o  D Converter and D t o  A Converters. 

E lec t r ica l .  - A u~ult iplexer  and A t o  D converter w i l l  be provided t o  
meet the  f o l lwing  reqcirernents : 

32 channel rnultiplcxcr A t o  D Co~vcr t e r  (ex,xnda1ole t o  126 c h m e l s )  
14ax S a p l i n g  Rate - 20,000 s;~zr-les /second 
Overall Systcm Accuracy - I- .- 112 LSB -t 0.05~2 of Full  Scale 
Operating Temperature - - I - l o o ~  t o  +50% 
Channel t o  Chamel Crosstalk - i- 0.01$ of .Full Scale 
Long-Term S t a b i l i t y  - + 5 b!V =a. 
Random and Sequent ia1 &amel  Selection 
Analog Inputs 

Type of Input - d i f f e r e n t i a l  
Full Scale Input - + 5 VDC 

6 Per Channel Ingut %pedaiice - grea ter  than 10 ohm 
' 

Source L-npcdance - 0 t o  1000 ohrns 

o Digi tal  Inputs - TTL Compatible 

Logical "Lo, +4.0 + 1.0 VDC 
Logical "0" , +0.2 - 0.2 ViX: 

Digi ta l  Outputs - TTL CozpatiSles 

10 b i t s  of p a r a l l e l  binrzry &-La 
Logical "L" , 4 . 0  + 1.0 VIE - 
Logical "0", + .2 - + 0.2 VIX! 



r ea r  of *,he P.i31k'4 consolc and be ixltcrconncctcd w i t h .  t h ~  other electronics 
mo tlrerboards . Tile ~~;ulti~>le:;cr/i"i- Il e qui>~:?ilC 'dill co:n~ly with corr~erciaL 
spccif icat ions . 

D-A Converters. - Therc ! r i l l  be four i3-bit D-A converters. Inputs 
t o  the D-A t r i l l  be p a r a l l e l  &bi t  b i n a r j  words fro:n T ~ L  f l ip-f lops.  Their 
anuloz output w i l l  range from 0 t o  t-5 V X  with a n  ovcrall. 3.ccuracy ~f + 1% of 
f u l l  scale.  The output w i l l  be able t o  drive a load of 5iC ohms. The D-3i 
converters w i l l  be mounted i n  thc  r ea r  of the P?3D(I console on the I;a/IS mother- 
b o a r d ~ .  

3.3.1.14 Dccoder and Encoder. 

Decoder. - In order t h a t  thc  com3uter n3y se lec t  and transmit 
data, t o  the various pieces oP equipment comprising the Ibta :.lznagcment Subsystem, . 
an &bit  portion of the 16-bit computer word r r i l l  be used. T'ne 8 high order 
b i t s  w i l l  be used t o  se lec t  an itern, and up t o  8 l a r  order b i t s  w i l l  be used as 
data b i t s  t o  the  selected i t en ,  i . e . ,  b i t s  & t o  15  of the computer word. . 

0 DATA \TORI3 

Selection Data 
I--------'. / -. 

Fol lming i s  a l i s t  of items t h z t  w i l l  be selected by b i t s  0 t o  7 and data  b i t s  
9-15 associated with them: 

0 Analog Sr i tch  
0 m t a  Displays 
0 Decimal Points 
0 l~lult iplexer Control 
0 D/A Converters 
0 Pr in ter  
0 Behavioral f~latri;: 
0 Behavioral Lights 
0 Following Discretes 

IJo. of Addresses 
B i t s  0-7 
5 (Approx.) 

h t a  B i t s  
8-15 
4 

5 

a. 30 l i g h t s  (approx .) 
b. 4 alarms 
c. 10-vision t e s t e r  (a9prox.) 
d. 3 audioxcter 
e .  3-crit ical ,  t a sk  t e s t e r  
f. 2-mission timer 



r-- zncocley. - i.ilc ri>ll,:;in;; it,;:,:; . , r i l l  'be c;licof~c!d to oat2 osp r-cjre 
%&-.bit c o ~ ~ ~ < b c r  words for ent ry  to "ike 20;:l:~~1;cr: 

TTo. of' 3riLches or 

Vision Testcr Responses 
Bel~aviornl Pancl Br i tches 
Bellavioral Thwflb~~rhccl Data Lk~itchcs 
Numerical W G ~  Zn-try Thunbi.rhec1 :,tritclzcs 

( 5  words w i l l  bc r c q ~ ~ r e d  t o  cntcr  a l l  
Analoz tape rccordcr run-stol) s l ~ i l c h  
Reset f o r  A l a r m  on Ddd Pancl 
CXT Channel Idcntif  ica t ion  Switch 
Processor Keyboard 

f Ioni tor  i"\csyonses 

14 approx. 
15 
ii. (with BCD  atp puts) 

17 (with BJX: ~ u t p i ~ t s )  
data) 

1 
1 
1 
1 

3.3.1.15 Parer Supplies. - Separate DC pmrer supplies w i l l  be used t o  
proviae DC pmer  t o  the  Data Manqement Subsystem. A l l  EC pmer  returns w i l l  
be connected t o  a comon ground bus i n  the console, and w i l l  be connected t o  
the  console frame at one point. Thc power su_~p l i e s  t r i l l  be "off the  shelf" 
commercial uni ts .  A l l  zarer  inyut t o  the su9plies and other commercial 
equipment w i l l  be 105-125V PAC 60 Hz. 

1.lechanical. - A cal ibrat ion uni t  % r i l l  be provide6 t h a t  can be 
eas i ly  transported t o  a subjcct f o r  insertion of cal ibrat ion s ignals  in to  
s ignal  conditioners contained i n  the  'subjects '  harness/rest. As wit'n other 
corrmercial equipdent, the uni t  t r i l l  require an A.C. parer out le t  with 115 V.A.C. 
60 Hz f o r  i t s  operation. 

Signal Charateris-tics. - T'ne cal ibrat ion uni t  ' t r i l l  provide the  
fol lcx~ing output s ignal  var iat ions and character is t ics :  

0 Freq. R a ~ e  : 001 Hz t o  lOOiOIz O 0.1% 
0 Araplitude Accuracy: +- 0.2555 
0 Voltage Range : 100 p? - 5v 
0 Output Wave Snape : Sine, Square md variaSle width pulse 



4,1 Conceptual Design 

4 .l .% Design OS jcct ive  . - The Ei:lil,:3n Fi3B D:1P;;-1 :%n3i:ersent Subsystem w i l l  be 
designed t o  f u l f i l l  several ca jo r  desi;n n n l  p?rformnace coals , Arr,on~ t r ~ s e  ,jor?ls 
are ;  ease of a s t r o n a ~ t / ~ h y s i c i n n  o p e r a t i o n  throu :h autoinntie si:;,m1 hardl i  n,: and 
"on-board" processing; simulation of d a t u  imndlin:: t o  be perforined u i t n  the  f l i g h t  
IMBLbiS; s i z ing  of t h e  con2utcr and data 6 t o r ~ ; ; c  r~c ju i r~35  fo r  the f l i ~ h t  IZ.G3L:.G; 
d i sp lay  evaluat ioa  r e l a t i v e  t o  f l i ~ i . ~ C  use; and equipment capab i l i t i e s  t h a t  can 
be duplicated with, o r  desizned in to ,  space-qualified equipmcnt. 

4.1.2 Design Concept.- To meet t h e  object ive  of nu tomt i c  s ignal  handling, 
t h e  DbE w i l l  input analog do t s  through a so l id - s t a t e  switching matrix wnich can be 
automatically, o r  manually, programined t o  route t he  data  t o  the  various display and 
recording equipment required f o r  t he  ~casuremcnt  i n  progress. Simultaneously, v i t h  
accepting and rerout ing analog s ignals ,  the  D I G  w i l l  be sanpling the  analog in for -  
mation and converting it i n t o  a d i ~ i t n l  format. Once i n  a d i e i t a l  form, a digLtal  ' 

computer w i l l  obtain derived information vhich can be displayed and/or recorded, along 
with  the d i g i t a l l y  converted parameters t h a t  were used f o r  t he  der ivat ion.  The 
d i g i t a l  computer w i l l  a l s o  serve t o  provide the  required overa l l  automitic fea tures  
of the  DfJS. Analog da t a  w i l l  be displayed on a var iable  persisA&nce four c b n n e l  
oscil loscope and pen recorders which, althocgh not conceived of being ada?table t o  
f l i g h t  use, w i l l  a i d  i n  evaluating overnl i  ?BB operation. halog da ta  w i l l  be 
recorded on a 1 4  t r a c k  analog mzgnetic tape recorder, with t uo  of i t s  t racks  
exclusively dedicated t o  respectively,  audio sj.&nals and t i x e  coded sigzals. The 
da t a  converted i n t o  a d i g i t a l  f o m a t  w i l l  be disalayed on f i ve  d i g i t a l  readouts 
having su f f i c i en t  a lphabet ical  capabi l i ty  t o  precede neasurexent values with 
ident i fying aSbrevist ioos.  A s t r i p  p r i n t e r  w i l l  be used t o  provide pos t - tes t  "bard- 
copy" of measurement r e s u l t s .  A video systen, including carzera, tape recorder, 
video monitor and remote control  panel, w i l l  be used t o  preserve v i sua l  data  from 

both a microscope and subject  observation. To round out the system e mexo-recorder 
w i l l  be provided t o  p e m i t  an operator t o  rake verbal  notes, pe r t i cu l a r ly  dtlring a 
c l i n i c a l  evaluation o r  biochemical deteminat ion,  and a t  a l a t e r  point  i n  t i n e  he 
can replay h i s  notes f o r  en t ry  i n t o  the  D3G v i a  Nw.erica1 Data Entry sditcfies. 
The following 2aragraphs present discussions of the  various block diagreas t h a t  
have been prepared t o  shov the  i n t e r r e l a t i onsh ip  between the  elements of the  D I G  
and i t s  in t e r f ace  with measuremexit equipments . 

4.1.3 Data hSnaserneaZ Subsystem. - Figure 8 presents  t he  various e lenents  
comprising t he  DNS, along with an icciication of those elenents thzz a r e  physical ly  
located within  the  P2DM s ta t ion ,  and those e leaen ts  which a r e  reaote from the  s t a -  
t i o n .  The d i g i t a l  c o a p t e r ,  d i g i t a l  recorders, 1 4  channel acolog cagnetic tape 
recorder, and 16 channel pen recorders a r e  non-del iverab~e Lockheed equipnent which 
w i l l  be used to ,  operate t he  F2B, a i d  i u .  s i z ing  a con2uterfor f l i g h t  IbZLXS, and 
a s s i s t  i n  overa l l  ~easurement  evaluation. la e l e c t r i c a l  in te r face  w i l l  be 2rovided 
f o r  a WS- owned com;sutes to function v i t h  the  breacboard. 

9 

4.1.3.1 Paalog %i t ch ins  and D-A Conversion. - T'nis por t ion of the  21.5 pro- 
vides au to ra t i c  routing of incoming acalog 23t3 t o  a iC cmaae l  o ~ c i l l o s ~ o ~ e  (cx), 
a 2 channel Fen ,?ecorcler, o 16 cr~anncl P a  ;?ecorder, a :*5enetic Tape Recorder, ard a 
btdt iple :cer /~-3 Cosverter. The s; l i tc ' r , in~ i s  under eutorr.atic coatrol  of the cozputer, 
or  manual (jacktu? node) control  from tne 3 o c e s s o r  kyboard. bcluded  i n  the  s-dltch- 
lag i s  d i g i t a l  to analog conversion eqci:;xezt which - d i l l  pelmit t he  cozputer t o  provide 
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i n f a r n a t i o n  to t h e  vnriat is nl;niotq cil 61p'l :r :,*&,I l"(:~og"din;j d :*;ices, in odd i"ci,c,n to 
d s i v i x  d i sc re t e  nnalo:: meters on var ic ids  nL.;lsurement panels, for trie purpose of 
displaying derived data, 

4.1,3.2 Digi ta l  3 ~ i t c h i n g . -  Digital switching is provided for ccaputer- 
in te r face ,  acceptance or' di::itiil anLi/or ai;crett- d a t a  f r ~ m  v a r l ~ l ~ s  cecl..,urezcnt equip- 
ments, and outputing d i g i t a l  o r  d i sc re t e  s ignals  t o  mcasuerneni and display equipment. 

4.1.3.3 Decoders.- Decoders a r e  designed t o  accept d i g i t a l  in fomat ion  from 
the  computer and decode the  d i ~ i t a l  words i a t o  d i sc re t e  out?uts fo r  operating relays,  
dr iving multilamp displays,  e t c .  

4.1.3.4 Dig i ta l  Readout.- Didi ta l  readouts a rc  provided t o  dis2lay measurement 
r e s u l t s  i n  a d i g i t a l  forn, and d i g i t a l  word data  when an operator choses t o  communi- 
ca t e  with the computers program. 

4.1.3.5 Encoders.- Encoders perform t h e  function of converting ex te rna l ,  
switch closures i n t o  computer words t h a t  w i l l  i den t i fy  which switch was operated. 

4.1.3.6 Numerical Data Entry.- This i s  a group of switches which f a c i l i t a t e  
an operators enter ing numerical data ( c l i n i c a l  observations, biochemical derivations,  
etc.) i n t o  the DivS f o r  recording, fur ther  analysis,  o r  other operations. 

4.1.3.7 Video Nonitor, TV Canera and Controls, Video Tape Recorder. - This 
equipment is provided f o r  kindling and recording visual  data,  e i t h e r  obtained from 
a microscope o r  subject  observation. A remote cont ro l  panel i n  the 1 B C I M w i l l  be 
provided t o  operate t he  VTR. 

4.1.3.8 S t r i p  Pr inter . -  The s t r i p ' p r i n t e r  i s  p r ina r i l y  used t o  provide post-  
t e s t  pr inted measurement res i l l ts .  It w i l l  function i n  conjunction 3 i t h  the  computer 
t o  provide su i tab le  formatting and alphebet ical  i den t i f i ca t ion  of pr inted data .  

4.1.3.9 Memo Recorder. - This i s  a 2ortabi.e audio recorder whicb  ill permit 
up t o  1 hour of verbal  notes t o  be recorded and 2layed back fo r  l a t e r  analysis .  

4.1.3.10 Processor Keyboard.- This keyborrd, i n  cor?juct ion v i t h  appropriate 
keyboard and computer s t a t u s  displays, w i l l  p e r a i t  ao  oserator t o  cozaunicate with 
the DbIS. K ~ a s ~ e m e n t  routines,  ca l ib ra t ion  set ,-up,  progran ~ d i f  ication,  s igna l  
rerouting, and other  s i a i l a r  functions w i l l  be accompiished via this keyboard. 

4.1.3.11 14ission Timer .- The mission t imer w i l l  display, a s  required, clission 
o r  rea l - t ine .  It w i l l  a l s o  provide clock s ignals  t o  the  overcl l  system f o r  the  puqoses  
of time tagging data,  es tabl ishing multiplexer sam~tling r a t e s  via  the  conputer, and 
overa l l  system synchronization. 

4 .l. 3.12 14ultiplexer and A-D Converter. - This equip:'.ent w i l l  sacple, under 
comguter control, the incoming analog s ignals  and convert these sig-is i n t o  a digits; 
format f o r  coa2uter processing. 

4.1.3.13 Tvo Chenoel Pen Recorder,- A two chascef pen recorder w i l l  be slaved 
t o  channels 3 and 4 of the  C3T t o  provide ti peraanent record of analog wavefoms beiw 
displayed thereon, 



4,1.3 -14 Four Channel CT{?'. - A foL,r  c:,?nntk! vrtrie~bie ;;fbr!,ir,"c- ncc osci l loscope 
i s  ciesigna-tcd -Lo p r o ~ i d c  n c:ipablli", 1'02 tii.;,ai;i;ri,n,; in? to ~ ' O I J ~  c ? L & T ~ K ~ . . c ~ ~ s  o f  aralo; 
wavefor;::s .to i;u operator .  Slri;c:tir;: in t , ,c O ~ i a i - ' :  s j i i t ~ r ~ ~ n ~ ;  b l i i~ r : ,  ii:i:L?r c o ; " ~ ~ ~ t e r /  
manual control ,  w i l l  permit a n  operatur  L o  overritte nn i r i i ' d j n l  ;,rc;ra:n corrtrolled 
set-up and d i sp lay  any d a t a  bcini: o c c ~ p t c i l  by t n c  first ri:clve chnnnels of the  16 
enamel  pen recorder.  I n  order t o  p r o ~ i ~ i c  a 1 f o r  I clirpiajr of d a i a  'ccin,: o'sserved 
on t he  CST, Lte l a s t  four  per? recortier:; w i l l  be, respect ively ,  slaved t o  the  four  
CRT channels. 

4.1.3.15 Sixteen Channel Pen Recorder, 1 4  Ckanucl i 'hgnetic Tape %corder arid 
Control Bne1.-  This equipment provides permanent records of incoming analog da t a  
which can be useful  i n  measurement evaluat ion both i n  rea l - t ime and. on a playback 
ba s i s .  A remote con t ro l  panel w i l l  be provirlcd t o  operate the  ~ a g n e t i c  ta2e  recorder  
from the  PBDbi console. 

4,1.4 Dl43 D ig i t a l  In terfaces . -  Zigure 9 presen t s  a more de t a i l ed  approach 
towards t h e  design of t he  d i g i t a l  por t ion  of t h e  D h S .  Various r e g i s t e r s  a r e  provided 
which, under a data lconputer  p r i o r i t y  systen; w i l l  t r a n s f e r  incoming data  t o  an  
output  bus t h a t  communicates d i r e c t l y  with the  computer. A GASA conputer i n t e r f ace  
i s  designated, t h a t  e s s e n t i a l l y  p a r a l l e l s  Lockheeds computer in terface ,  hodever, 
because of d i f fe rences  i n  computer s i gna l  and con t ro l  s t ruc tu res ,  w i l l  n ece s s i t a t e  
d i s c r e t e  e l e c t ron i c s  f o r  i t s  hook-up. 

Output s t o r a ~ e  r e g i s t e r s  a r e  used t o  enable consuter  operation and i d e n t i f i c a t i o n  
of var ious  display,  switching and o ther  funct ions .  

4 ,I. 5 D?JS Analoc Switching and I n t e r f  nces . - Figure 1 0  presents ,  i n  add i t i ona l  
d e t a i l .  t h e  var ious  types of a i f f e r e n t i a l  zna d i s c r e t e  sditches,  d i g i t a l  t o  analog - - 
convei-ter i n t e r f ace s  and ampl i f i e r s  t h a t  co132rise t n e  analog switching sad D-A 

8 conversion capab i l i t y .  Each of t h e  ~essureixent  d i sp l ay  requ i resen t s  designated i n  
Appendix A has been assigned a spec i f i c  aneloi; inpu t  switch loca t ion .  The cu r r en t l y  
envisioned 6 pos/channel switches w i l l  provide f o r  an input  emansion of approxiaate ly  
1 0  percent  without d i s t u r b i s g  o r  subs t i t u t i ng  t he  i n i t i a l  a s ~ i g ~ e n t s .  a n e l  meters 
requir ing data  de r i va t i on  by t h e  c o n p t e r  p r i o r  t o  readout a r e  shown t o  i n t e r f ace  
wi th  t h e  coaputer v ia  d igi ta l - to-analog conver ters  and d i s c r e t e  so l id - s ta te  switches. 
The 1 5  charnel  d i f f e r e n t i a l  sw2tches preceeding each of t h e  4 oscil loscope inpu t  
channels provide t he  osci l loscope wi th  t he  capab i l i t y  of viewing any of t he  da t a  
being routed t o  t he  1 2  channels of t h e  16 channel pen recorder,  o r  t he  outputs of 
t h e  D-A's,  o r  timing da t a  during nagaet ic  tape play-~ack p lu s  fu tu re  expansion t o  
o the r  inputs .  Since t h e  megnetic t ape  recorder has 0-1 v o l t  low impedence s ing le -  
ended input/output cha r ac t e r i s t i c s ,  t he  pen recorders '  pos t  a u 2 l i f i e r s  a r e  used t o  
a t t enua t e  t h e  normal 0-5 v o l t  input  s i g m l s  (with a high impedance input)  and separa te  
l : 5  ampl i f i e r s  a r e  used t o  e leva te  t h e  recorders output  during playback. Other 
amp l i f i e r s  shown i n  t h e  diagram a r e  pr imar i ly  used t o  i s o l a t e  the  output device from 
t h e  s i gna l  l i n e s  feeding t h a t  device.  

4.1.6 TV System.- Figure 11 i s  a de t a i l ed  p resen ta t ion  of t h e  e n t i r e  TV 
system, including t he  microscope which i s  being used t o  vie% s l i d e  data .  The diagran 
shows a video recorder renote con t ro l  pace1 which w i l i  be mounted i n  tke P3DM s ta t ion."  - 
The video recorder (wi th  sorrie of i t s  fea tu res  s:?o~r;, inde ta i l ) ,bncause  of i t s  physical  
s ize ,wibl  be reeo te ly  loca ted  from t h e  s t a t i on ,  thus  n e c e s s l t a t i n j  t he  renote con t ro l  
panel. A f i v e  inch video monitor w i l l  a l s o  be mounted i n  t he  P3DI4 s t a t i o n  t o  a i d  
i n  es tab l i sh ing  t h e  qua l i ty  of saxera vi-wed data p r i o r  Lo recording; and, viewing 
da t a  during playback (a f u c t i o n  norzal ly  srovided by ground cquipgezt i c  the flight 
IbBL6G concept but provided i n  the  F33 for. com2lete sys',s;;1 operat ion) .  
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S e c t i o n  111-J 

Appendix 

X 3 A S ' C 1 m T T  DISPLAY ;GQLTLmT'1S 

This appendix contains t h e  d i sp lay  and ~ e c o r d i n g  requirements f o r  the  INEI2S 
FBB da t a  handling system, plus  t he  appropr ia te  abbreviations f o r  these  measure- 
ments. The indicated channel a s s i p e n t s  are  not f ixed,  and necessary adjustments 
w i l l  be naiie between, o r  from, e w e r b e n t  t o  experiment, t o  bes t  inplenent these  
requirements. 

?lea sur einent Page :TO. 

Ab'oreviations 
Cardiovascular 
EVA Pionltoring 
Beurological 
Pulse Ikve Contow 
Vector Cardiogrsm 
C l i a i c a l  12-Lead EGG 
Average Skin Teinpernture o r  Body 
hpedance Cardiogram 
Venous ? ress  ( Ind i r ec t  & ~ i r e c t )  
Xxercise 02 Consumption 
BAT Prc~ceuures 
Standard L ~ 2 g  Volmes & Flows 
Xaxir;lum Breathing Capacity 
'9nut e Alveolar Voluroe 
Residual Voluxe 
Respiratory Dead Space 
Cardiac h t p u t  
Diff- isi ion Capacity 
Airway 2esis tance 
Lung Compliance 
i h s c l e  Strength 
Body Y l s s  



,02 - Alveolar C02 Concentration 

aSO,' .-. A r t e r i a l  Carbon Dioxride 
b 

A02 
- Alveolar O2 Concentration ($1 

kP - Airway Pressure 
AR - Airway Resistance 
G T  - Average Skin Temperature 
AVP - Average Venous Pressure 
AT - Air  as) Temperature 
ET - Body Temperature (Ear) 

LEAD 

%- T t v  

- - 

MAV 

MBC 

MEZ 

MHR 

MIF 
MTV - Cardiac Output - - 

CO 

1CO - Initial Carbon Monoxide Concentration N2 -- - 
2C0 - Final Carbon Monoxide Concentration NW 

CO, - Carbon Dioxide Concentration (%) AN2 - 

CPP 
DC 

*p 
DS 

- Carbon Dioxide Production O2 

- Calibration Profile O2 J 
nrF 
V I - Cuff Press, Profile 

- Diffbsion Capacity , PCG 
nw - Diastolic Pressure 

- Dead Space 
- Electrocardiogram 
- Electroencephalogram Lead 1 
- Electroencephalogram Lead 2 
- Electromyogram 
- Electro-oculogram (Horizontal) 
- Electro-oculogram ( vertical) 

C X  

PLP 

PP 
PRS 

PVL 

PWC 

RLP 

RLV 
- - 

- Expiratory Reserve Capacity . 

- Flow 
U A  - Functional Residual Capacity 
cr rn 
31 

F? - Force Profile 
- Initial Helium Concentration SUF 

l i", 
C T T D  
U U2. 

iE3 - Final Helium Concentration 
2 3  - Heart Rate TLC 

- Lnspiratoq Capacity TP ZC 
TT' 

i3lJ? - bwer h d y  Negative Presswe 

QC - Lung Compuance 

- 1, 11, 111, AM(, Am9 AW, V1-V6 
(Standard ECG ~ e a d s )  

.-. Left Leg Volume 
- Body Mass 
- Minute Alveolar Volume 
- Maximum Breathing Capacity 

- Maximum Expiratory Flow 
-.Mean Heart Rate 

- Maximum Inspiratory Flow 
- Minute Tidal Volume 
- Nitrogen Concentration ( 5 )  
- Nitrogen Washout 
- Change in Nitorgen Concentration (%) 

- Oxygen Concentratim (%) 

- Oxygen Consumption 
- Oscillatory Time 
- Phonocardiogram 
- Peak Force 
- Plethysmography Profile 
- Pulse Pressure 
- ~ressure/~orotkoff Sounds 
- Pressure Volume hop 
- Pulse Wave Contour 
- Right Leg Pulse 
- Right Leg Volume 
- Respiratory Rate 
- Suit Carbondioxide Concentration 
- Systolic Pressure 
- Systole Time 
- Suit Flow %- 

- Suit Pressure 
- Total Lung Capacity 
- Transducer Pr~file 
- Transit T h e  

- Tidal Volume 



V - Volurrae 

VC - ViLaP Capacity 

Vcl 
- Timed Vital Capacity (I sec, ) 

vC3 
- Timed Vital  Capacity (3 sec.)  

VC02 - Venous Carbon Dioxide 
V V V, - Vectorcardiogram 
X Y  

AZ - Extrapolated Maximum Impedence Chango 
i - Maximum Negative Peak of 1st Derivative of 

i ' 

20 - Basic Impedance 
ZPN - Impedance Respiratory Waveform 












































